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EXPERIMENTAL AND PATHOLOGICO-ANATOMICAL 
RESEARCHES ON THE CORPUS CALLOSUM 
() t e-brail phere of any mammal 
( I l I }) It ! betwee! tl LW 

5 it SErVe sa connecting nk 
s no ibt that certain bundles exist in this mass of fibres, 
ind ter nat n I WI I eon the same side of the middl 
l'} ¢ are the tibti Wihiic betony n the wide sense of the term, 
stein, e., the fornix longus, tenia tecta, and the 
rvi Lane These fa itside the province of this research, which 
it mmonly understood as the corpus callosum, 


he chief interhemispherical commissure of the neopallia. 


tern con x PLELN eithe by inderstood to mean a 


of corresponding ‘regio of the opposite hemispheres . 

! t in a broader sense, a connexion in general of the one halt 

the brain with the ther, through which both homotopical and 
terotopiecal cortical regions are associated with each other To vive 
\W {its full meaning it connotes an interhemispherical association 
sot nterpretations are found in the literature, though it is not 
sible | tate that thev alwavs rest upon conclusive anatomical 
pathological evidence The more modern writers embrace the 


tter opinion on the whole, chietly on the strength of Cajal’s histo- 


mull mammals, as the mouse, with the aid 
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of his silver methods, Cajal found that from cortical cells axones arise 
which either directly or as collaterals of projection and longer associa- 
tion neurons, pass to homo- and heterotopical points of the opposit« 
hemisphere through the corpus callosum | 4 

| believe that this econelusion concerning the ending of the callosal 
fibres cannot be positively proved from normal silver preparations 


Moreover, were normal histological investigations sufficient to place ) 


Cajal’s theory beyond all question, they afford very little evidence of 
the “associative” nature of the commissure Cajal believes that the 
callosal fibres give off collaterals before ending, but these can be 





followed with certainty over very insignificant distances only in’ one 


section. Though strictly speaking the term association may be applic 
able to such a connexion, it approaches more nearly to what one may 
consider as commissure In any case it is evident that Caja 
theories, although they may be perfectly correct, by no means justif 
the frequent issulpt mm that heterot pical Cortes regions i bot 
hemispheres tand n rine n wb Ci s Dt Wit! ‘ l Line 
(Asce nz 2 ind othe rs ? 

In addition t Cajal’s ! \ e} () st ( result 
certain mor] OLk nvestiga S 1) 1) ne cite 
Schnopthagen’s | 44) investigations in p he to] nt 
but it need hardly be said that th ntiq | hievhl 1 

\ bfaserune methods f tl te inl ~ It the s il n 
the }) nt a SSUle¢ 

Othe biet! ls that have bee ( } ed . prot mn 
Bi by etl { nsidered 

lL) Verat pica (S¢ \venesis t] rpus ea u has 

afforded little information on the yrerna rs the ecallosal tibre 
In the tirst place there are genera ther ce pmental disturbance 
in the | n which make it very difficult rrive at detir conclusions 
and when 1 ther disturbances are present, tl iff tv remains a 
to whet er the Corpus Calostdn Was ictuall ibsent, oO1 Whether it had 
not reached the opposite hemisphere his question is closely co 
nected with the Slgonihcance ol thre so-called ‘ Balkenlingsl inde 
(Pr bst LO As regards the extensive literature on this subject, 


| refer for instance to Marchand | 29 The itest contributions to 
the subject, those of Sticke fs) and Landsbergen | 22), are of nm 
assistance in the solution of our problem 


(2) Embryology Neither the study of the primary development of 





the colliissural sVstell (His 16], Zuckerkandl 
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l2|, Langelaan | 28), and others), nor of the myelogenesis of the 


rpus callosum, have thrown more light on the origin and termina- 
| g o 


on of the commissural fibres. 
3) Sec ndary Tibre-dege NeErATION, The early investigations ol 
Forel |}9!, v. Gudden |}49), and v. Monakow |50! showed that afte: 


xtensive lesions of one hemisphere, degeneration ensued in the corpus 


illosum, Which could not be followed by v. Gudden’s method, nor, as 


Sherrington 17 ind Langley and Griinbaum |24) found, by the 
ethod of Marchi, to the cortex of the opposite side lixperinental 
‘tion of the corpus callosum also threw no light on the course of the 


fibre Muratotf |} 36>, Lo Monaco e Baldi | 34), Levv-Valensi | 26 


| Monaco e Baldi’s conclusions chiefly concern the question as to 


ther the tapetum of the posterior horn in the cat belongs to the 

pus callosum Muratotf concluded that heterotopical connexions are 

n rpus callosum in the dog Lévy- Valensi agrees with 

s stateme! it, as far as I can see, giving reasonable grounds 
Ipport 

It is genera vccepted that extensive unilateral cortical lesions in 

human brain cause atrop] f the corpus callosum, which is practi 

parall extent of the destruction of the cortex, but 

{ ikke s mclusions are at variance with this Presumably 

é the final complete disappearance of the degenerated 

il fibre Iixact details concerning the areas of the cortex of the 

posite : ch are reached by the degenerated fibres, are, however. 

t nnecessary to discuss the views which have been put 


vard by ditferent authors According to Anton u. Zinverl li a 


leral radiation from the frontal lobe of the one hemisphere 

ns the distal part the cortex of the opposite side. Probst | 41 

k i Mi itement Dejerine’s (6 detailed analysis of the 
| fibi nd their relation to certain cortical regions is based on 

es in which the degeneration of the corpus callosum was probably 
i l erefore not wholl convincing On the other hand, 
finds of te only one positive assertion that the corpus callosum 
tes homotopical regions only of both hemispheres (Niessl von 
lavendort om ind that s based on the study of degeneration 
paration Similarly, the numerous cases of primary lesions in the 


losum have, so far, not contributed to a better knowledg¢ 


manner in which the hemispheres are connected with each 
Mingazzini |31\, Marie et Guillain | 30 


ih/ 


her. Ransom +22 


Gianelli | 11}, Ascenzi | 2], and others. 
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The question as to which cells of the cortex the callosal fibres pass 
is briefly considered by Dotto and Pusateri |7); they place them, fron 
the examination of Marchi preparations, in the third laver, but wh 
these writers mean by the third layer is not certain, and they give n 
illustration of their preparations. 

Lévy-Valensi, after section of the corpus callosum, could trace t] 
degeneration into the layer of the “large pyramids” but not into tl 
of the lesser pyramids. It is not apparent what he desires to convey. 

[ know of no degeneration investigations on the human brain whi 
have led to any positive result 

(4) Retrograde cell degeneration (axonal reaction This met] 
has been little employed, either after experimental section of the cor] 


callosuin, or morbid lesions therein, to determine whether cells of ar 


definite region or charactel show a. react ! (Observat ns ol 1! 
cortical cells in cases of agenesis I the corpu enliosun permit 1 
conclusions I will discuss later inv own findings on the rabbit ar 
eat, and those of de Vries on the mous 

Thus, our exact knowledge of the interh phere callosal fib 
is less than one might suppose 

Whether the commissure connect ! toy | het { 
regions Is so tar uncertall from What cells its fibres at and atl 
which cells they end is also undetermined And even thi emel 
that all brain convolutions, except th Lact region, ure connecter 
Dy the means of the corpus e¢ sun, Is Open to questio! ndeed, 
IS91 Beevor (3), in a verv careful anatomical study, f l that th 
ecalearine cortex of the marmoset nkey Is not nnected | ! 
missure With the opposite sid In late piblication this theo 
mentioned at all, is considered absurd, but actu L ol it naccuric 
is nowhere to be found 

Mqually little of importance is | wn of the manner in which 
a possible heterotopical commissure unites the two brain hemispheres 
And vet in view f certain. clinic and expernnental bservation 


of recent vears, it is of the highest importance that we should hav: 


better information on this matte | retel here to twe groups 
ol clinico - pathological ind experimental nvestiga | 
Liepmann’s [27 study of apraxia callosa, and the effects of section 
or stimulation of the corpus callosum. 


A number ¢ 
Liepmann u. Maas | 28), v. Vleuten (56, Goldstein | 13), and others, in 


f cases have already been published by Hartmann | 14 


which apraxia of the left extremities was probably a result of a lesion 
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} f the connexion of the right hemisphere with the left. The accepted 
planation of these motor disturbances was interruption of the con- 
exions between both sensorio-motor zones, in the sense of Heilbronner 
nd Liepmann 
It is remarkable that in not a single case, even when the brain was 
unined in serial sections, was any light thrown upon the course of 
s supposed connexion. It need hardly be pointed out that not until 
have a better and more accurate knowledge of this connexion shall 


be in a position to understand the anatomical basis of apraxia. 


Mott's 5 excitation expert nts, which seem to indicate that 
e anterior callosal fibres are n relation to certain parts of the 
. sculature of the body, were put forward by this author as evidence 
the « tence fa connexion between the motor cortical regions and 
the viganto-pyramidal cells they contain Later, neither Koranyi | 21 
lo Monaco | 33), nor Lévv-Valensi could with certainty, even when 
ploying very strong currents, contirm Mott’s observations on the dog 
id monke Stimulation in their hands produced no motor effect, 
? nd section, as Carville et Duret | 5/, Muratotf |} 36), Sherrineton | 47 
| t I ind, ! pern inent result 
The « } ration of the effect of section of the corpus callosum on 


e hemianopsia, which occurs for a time in dogs after lesion of thi 


nba lobe, 1s juall uncertain I) this respect Kordanvi's | 2] 
Its differ from those of Yoshimura [19 
In ea Cis t seelus desirable to control is fa is possible the 
} ve r nevative results of pl ysidlovical experiments by recognized 
nator fa 1’) shall be tl tlm of n nvestigatior 
| per el 1 ‘ rabbit cat were made n order to trace the 
( ind t ain f the | | fibre P thologi il human cases 
ippled muteriat tor the stud f the more accurate anatomy of the 
adiat ! The al il Nn I Lhes¢ pathy logical lesions 
ile | mportant adetals more spect to two regions ol the cerebral 
tolandic zone and the visual spher The fact that these 
regions are f prnmary clinical and phys logical importance, is 
mple inducement for the communication of my observations and thi 
productio | hyve preparat ONS 


KMXPERIMENTAL OBSERVATIONS. 


Different lengths of the corpus callosum were divided sagittally in 
. number of mice, rabbits and cats, in order to determine from which 


cell layers of the cerebral cortex callosal fibres arise, and to demonstrate 
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in which layer of the cortex they end. The result of these investiga- 
tions has been already published in part |54, 57). This communi 
cation will be referred to for minor details, but the facts obtained by 
operation on rabbits and cats are here repeated ; the changes found 


the mouse do not ditter essentially from those in the rabbit. 


F | 





|e 


Rabl if 


The section was made eithe n the median line between the two 
hemispheres, or close to it Nissl’s and Weigert-Pal’s methods were 
employed in the investigation. For cell changes, that hemisphere in 
particular was examined which was not injured by the operative lesion 


9 the dorsal 


The corpus callosum was divided either by incisin 
surface of the pallium and the white matter, including the corpus 
callosum beneath it; or a sickle-shaped knife was inserted through th 


corpus callosum into the lateral ventricle, and then drawn backwards 
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ind forwards through its entire length. This operation causes no other 
listurbance if the knife is, as far as possible, taken out in exactly the 
samme place as it was Inserted. The consequences of such a section 
s shown in fig. 2. It will be seen that the fibres of the internal capsule 
ind corpus callosum are cut through in the dorso-median part of the 
ght hemisphere. 





On comparing fig. 2 with L photograph oF a normal section at the 


ume level (fig. 1), the smaller bulk of the centrum ovale in the left 
hemisphere is evident. ‘The part which normally borders the ventricle 
edio-dorsally and laterally, has disappeared, except a small remnant, 
hich is the fasciculus subcallosus In the lateral direction the white 
atter increases rapidly in bulk; this shows that the callosal fibres, 


hortly after having crossed the median line, pass through the centrum 
vale to the cortex. There is no area of degeneration in the central 
vhite matter: evidently the normal myelinated fibres come tovethe) 
is the degenerated fibres disappear. I may add that Marchi prepara- 
ons from other rabbits operated on in the same way, led to the same 


result as regards the course of the fibres. The degeneration shown up 
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Fic. 3.—Rabbit: division of the corpus callosum in the left hemisphere, 








Rabbit : normal. 
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by this method was, however, unsatisfactory, but it was not in conflict 
with the observations made on Pal preparations. As the affected 


llosal fibres must have degenerated to their terminations, one must 
seek for the evidence of this in the cortex. This is, however, more 
difficult to find than one would suppose a priori. Indeed, the reader, 
n comparing the more strongiy magnified figs. 3 with 4, without a 
magnifying class, will hardly succeed in detecting any ditference 


between the normal cortex and that of the uninjured side in_ the 


perated animals. But on closer scrutiny a loss of fibres may be seen 
the medio-dorsal cortex in fig. 3 Vh les in the ree ) praecentralis 
{ rea © nto-pvramidalis or tield 4 of Brodmann 
The loss affects the radiary fibres in the dorso-median part of the 
central white matte Ther s a ditfuse diminution of these fibre 
n fact, the somewhat nger ones have entirely disappeared, so that 
the numerou horter fibre ippear to be unduly separated from eacl 
ther, but it not possible to show that these have decreased in numbet 
It is difficult to sav to which laver the longer cortical radiations that 
ive | ppeared, norma penetrate, because in the area gviganto- 
pyramidalis of the rabbit, the boundaries of the layers are indistinct 
the actual “ giganto-pyramuids f laver V extend among the pyramidal 
s of the more superficial layers, while, as in all animals, the lamina 
oranuiaris interna is absent In any case the lonvest radiating tibres 
n the normal cortex only penetrate half its deptl These have dis- 
ipp ared n ( operate t rabbit 
Ther so a loss of fibre n the regio post-centralis (field 1 + 3 
{ Brodmant In tl region, in the normal rabbit, the peculiar 
muparatively deeply penetrating cortical rays of field 4 do not occur, 
it short fibre vhicl not penetrate bevond layer V1 r \ ure 
present reat numobet bhi ire hi lerately thic] Moreover, many 
fibres coming from the central white Inatter are cut transversely in 
frontal t close to the centrum ovale Several of these short 
radial ra ind transverse straivht fibres have also disappeared in the 
ininjured hemisphere The tangential network of fibres appears to 
Lye perte ‘tl ntact The tibre decrease in the cortex of this region 
s greatest on the dorsal side, and is no longer recognizable on the 
lateral surface of the hemisphere The dorso-median part of the 


normal cortex of this region has no long radiary fibres 


The rest of the dorso-lateral part of the hemiusphe re s also less 
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rich in coarse fibres than this region in more frontally situated 
sections. On comparing the uninjured hemisphere of the operated 
rabbit with the normal, a slight though distinet diminution of these 
coarse fibres in the inner part of the cortex is apparent. 

lurther laterally the loss of fibres is of the same character as that 
described in tield 1 + 3, 
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On further comparing preparations from the further oecipitalward 
parts of the cortex of the operated and non-operated annals with each 
other, the differences are difficult to determine, and it is impossible 


show them in a photographic reproduction, Behind the splenium, even 


MICLOSCOple exalination cannot detect any perce ptil le ditterence. 
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In order to trace the origin of these fibres, operations were per- 
formed in the manner described above and the uninjured hemisphere 
vas examined by Nissl’s staining after paraftin imbedding. 

It is extremely important to compare the cortex of a rabbit in 

r 


vhich cell degeneration is suspected, with a normal series which 


is been treated in exactly the same way, as the appearance of the 


4 ‘ 
‘ t : ‘ he ie 
e 8 ah bes 
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4° . r yt 
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t* »< 
. a a 
4°s . ese’ 
. 5 a 
4 ‘ . -*8 * 
he P af / 
l * 
. 
# 
| (I ma 
Is dey l s 1 sreat ¢ l l} | Ihe manner ma Ww ch t ‘ SeECLIONS 
e stained t the toluidin-blue solution Phe san cells may 
ppear dark blu ind homogeneously coloured in one preparation, and 
n another pak blue. with only seanty loose Wotoplasm It is therefore 
| 
very easy to mistake degenerations [fo What is normal On the other 


ind. one is very liable, in the cortex of the rabbit, to overlook cell 
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lateral hemisphere was extirpated, and it will be observed that there 
mod 


Ss a rate decrease of deeply coloured cells in layer V. In the 


‘at a complete sagittal division of the corpus callosum is not possible 
without c the Partial 


possible, and in different experiments all parts of 


siderable injury of brain, section is, however, 


it were cut. 


In these investigations the methods of Weigert-Pal with Van Gieson, 





r of Nissl were emploved: the first to trace the secondary degeneration 
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{f the til ne s nd in order to demonstrate the reaction in then 
( {f o1 n Mar s method was of little service t is certainly 
nferior to Pal’s staining in showiny up degenerating r degenerated 
illosal fibres 
Examination by Marchi’s method after section of the frontal part 
f the corpus callosum gave, as Sherrington has found, more or less 
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insignificant results. 
Nissl’s methods could be employed with more success 

I will not enter on the much discussed question whethe 
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ON THE 





scovered by the Weigert-Pal method. A pronounced loss of cells is very 
lifficult to determine, but with strong magnification one finds, however, 
ffected cells in the subgranular pyramidal layer, and possibly some in 
the sixth or polymorphic layer. The histological changes in these smaller 
lements are, however, exceedingly difticult to determine with positive 
‘rtainty in material imbedded in paraffin, but as in the rabbit, there 


we no perceptible cell degenerations in upper cortical layers. Figs. 8 


; nd 9, from the gyrus ectolateralis, illustrate these cell changes after 

igittal section of the posterior half of the corpus callosum. 
PATHOLOGICAL CASES 

In the introduction I alluded to the question whether cortical 

ons cause secondary degeneration in the corpus callosum or not. 

hat they do is admitted by most authors, as far as I am aware, except 

Lattwinkel He examined, in Pierre Marie’s laboratory in Paris, 

creat number ol brains with very extensive cort cal lesions and was 

er al to detect the slightest change in the corpus callosum. If 

\ nterpretation of this fact is difficult, the correctness of the observa- 

in 1 be doubted It appears, however, to me that the 

re lt fibre Wi h hay remained healthy is sutticient 

{ disappeara ( f all econdary callosal defect On 

other 1, WKattwinkel in | criticisin of Dejerine’s cases, is 

vib ot the degeneration of the corpus callosum in these 

es Was t se ndar , but rimnar \s a matter of fact, primary 

| ny cysts frequently occur accompanied by callosal lesions 

Kattwink« bserved. One of my cases (No. 2) is a striking example 

\ certain leneth L tine S equired for the total disappearance 

secondary degenerated fibres of the corpus callosum. But it is 


dent that the duration of time between the onset of the lesion and 


veneration of commissural fibres from the 


esion may be clearly followed Indeed, two of the following cases 
tforded this opportunity, as there were primary lesions of the corpus 
‘llosum and of the cortex 
Another method of determining the connexions of commissural 
fibres with certain cortical regions is possible when other tibre-systems 
n the immediate proximity are secondarily degenerated. In one case 
No. 1) IT was able to follow callosal radiations with certainty and to trace 


them later in preparations where all the fibre-systems were normal. 
Bee ; 10 
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Cuse 1 52..—Hewemorrhage in the retrolenticular seg 


capsule, In ne Corpus geniculatum externum, and th 


sagittal strata of the occipital lobe. Secondary degenerati 

longitudinalis inferior to its ending in the area striata in t 
Sections In the plane ot the sule Is parleto-occl} ta 

by the Pal method, with strong differentiation. The 


V. 


- 


callosum from wl ich the forceps and tapetum originate 
absolute certainty from the forceps corporis callosi up 
It can be distinetly seen that fibre bundles separate gra 
and dorsally, but the direction of the section makes 
them into the different parts of the cortex at one level 


ice from the frontal end of the area sti i 


ventral su 


4 ! 
fibres can be more or less clearly seen coming fron 
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ment 

» tront 

tion of 
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RESEAR( 
upper and 


forceps and passing to the 


the 


They terminate on the immediate boundary 
Brodmann; visuo- 


triata (field IS of Br 
It may be stated 


lton, and others 
le callosal fibre Is connected with the s+ 
Smith, 














rtainty that not a singl 
n the stricter sense of the term (area striata of Elliott § 
miu Fig. LO shows the underlip of the suleus calearinus 
l fibres « the lobus lingualis. These tibres are to a great 
ence thre pallor. One sees, however, a group ol darkly 
ling ventralwards from the white matter; these, which pass 
Cc tex, can be follows | continuously on the tapetum, 75 em 
t pole This may so be seen in fig. 11 Both dorsally 
( ! 1 Dp ri 
eal $ | sal ft .-s ! ( neon 
| ; the ( lenticul ct vhnich 
( ! CO ( il { ! (Owin 
ssi \ | \ \ nity ! yy Hut it 
1] i 
, i ~ U i Leni) ( I corte, ! \ Ss supra 
, } occipital conyolutions extending 
Ss st an t hemisphere a sottening in the 
! The sple 5 sO SK ened ind there is secondary 
t } ste } eS <« ] Ss « l] sul 
é iS Sé mus dis i of speech (sensory aphasia ind 
bane With ] \-blindness." The lesion in the right 
1 we ! ri 1 in v. Valke rg, Zur 
der | r f ‘ enheilkunde, 1908, Bd 
) ‘ er I \ f Neo nde, 1909, Bd, xxxv, 
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hemisphere had caused no demonstrable left-sided hemianopsia, but micro- 
scopical investigation showed that in all probability a small seotoma had been 
overlooked, as there was a localized secondary loss of cells in the corpus 
geniculatum externum. 

The softening in the corpus callosum was at first overlooked, and regarded 
as a secondary degeneration due to the approximately symmetrical cortical 
lesions; but closer scrutiny showed the primary nature of the lesion 

[In addition to the splenium, the forceps and the tapetum of the right 
hemisphere were in part primarily, in part secondarily atfeeted. In any cast 
all the cortico-petal callosal tibres to the occipital lobe of the right hemisphere 
must have been destroyed, either primarily or secondarily. Consequently the 
callosal radiations to the cortex around the area striata could not be traced 
, ) + 


Fig. 12, taken at about 2 em. from the oceipital pole, represents the undertip ¢ 








\ “oy 
| 
| 
2 ( e2 Part « lca 7 ) 
nsequent t ! r} 
he cus ¢ lc winds Where the ea los | a S ) a+ 
Vieq dAzvi ire ormally uu i, thev < no he identified 
[These tibres ean be, however, more « less distinetlyv see 1 the corte: 
n certain sections, especially in field IS a ne é ea stria ! 
elthel the uppei Ol lower lip ot the suleus calen ~ | s Ob Is e\ 
ire shorter : while those f Case I could be traced above the St l ) \ eq 
d’Azvr, those of Case distinctly beneath. it It was only in the 
posteriol occipital part ot hat fibres w ( ( resp tas regards thell 
vertical distribution in the cortex, with those of Case 1 are found. These are 
especially seen near the upper lip ol the sulcus calearinus. 
Case 3 \nophthaln Os congenitus S| ght reduction of the sagittal strata 
in the occipital lobe, moderate dilatation of the posterior horn of the ventricle, 
and the occipital lobe, particularly calearine region, diminished in size The 


cortex of tield 17 normal; Stria of Vieg ad Azvr of normal size in proportion to 


the other cortical layers. 
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This case 55. has been selected because owing to the shortening of the 


j 
Stria of Vieq d’Azyr the contrast between the relations of the callosal radia- 
’ tions to field 17 and field 18 can be admirably reproduced in one photograph. 














t.-—Ca Anophthaln re ulearina, « 
i I ca ul " ns eld 18, 
On fig. 13 Ken il st Z ea ro the occipital pole, both the calearine lips 
e seel | e strla does not reach the de pth of the suleus calearinus, which 


herefore belongs to field 18. On the other hand, the apex of the convolution 
} belongs to tield 17 We see 
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calibre Ss compared e cortical lation © | ' " ) 
distinct The surface « ‘ nck ' nimi. - . ae if 
IS not a } culia \ I t Inderily s proved | Ng 14 ae 4 
occipita } ea la » ¢ . 
convolution 
} 
| of ) 5 \ > 5 é 
Case 2 his eas 5 . 5 
eVrus bY cl st of Niea \ = " & = 
the . S ( I ~ ! ~ ~ 
» 
17 Ce 17 
FF 
\ 
‘ \ \ 
Vormat brau It remaims to consider tl ] tio the } 
callosal cort eal rad@wations Can by recoel ed } } } | , If 
the pathological eases had not paved the w | e hee 


absolutely impossible to trace the callosal fibres 1 he t 


anv degree of certainty, s it Ss quite mpossible t establish, a 
a normal preparation, a continuity betwee the forceps and tapetur 

and the cortical radiations The tibre radia ns found in the margins 
of field 17, close to the ends of the Stria of Vieq dAzyr, must be 


part ly callosal. 
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[2 em. from the occipital pole, shows these fibres near the dorsal 
indary of the area striata. They are equally present at its ventral 
margin, and may be seen in the whole of this region of the cortex 
th variable distinctness. 


ve occipital lobe do not all stand in con- 


The callosal fibres of tl 

n with this small field, which surrounds the area striata. In 

} Case 1, it was distinctly seen that both ventral (lobus fusiformis) and 
vri occipitales) tibres stretch from the tapetum 


rte: It was, however, impossible to follow them there in 








s therefore doubtful whether in these parts of the 

tex the tibres of thick calibre also come from the corpus callosum 

) We must nfine ivselves to exact observations, and these lead us to 
nelude that no ecallosal tibre originate or end 1 the area striata, 

but that the ire connected with the cortex immediately around it 

There Ss evel ! bability that the one fibres which can le followed 


the plane of the Stria of Vieq dAzyr are cortico-petal ; this seems 
2, as here the splenitam and 


ematine from 
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the left and destined for the right hemisphere, which pass through th 
corpus callosum, must have undergone secondary degeneration. As 
shorter fibres persist where the long cortex rays have disappeared, it is ) 
evident that those should be considered as cortico-fugal projection and 
callosal fibres. As the softening in the corpus callosum was fairly recent 
(there were masses of ‘ Kérnchenzellen” and hzmatocytes present) 
it is possible that these had not vet undergone retrograde atrophy 


The existence of a few long fibres in the same place, especially 


) 
in the extreme occipital region, is another difficult) If we den 
the possibility that a few callosal fibres escaped, w h is certainly | 
not probable from our sections, we might suppose that we have here 
to do with collateral f cortico-fugal callosal tibre \\ originat 
hn othe. parts of the ho lateral pital ! | s, howeve 
not proved his supposit ld atford an ex} f the , 
existence of Sachs’ and \ S : ! \ 
alread ssumed in a forme 2 es 


with homotopical part ))) ! | 
} 
rou Cust \\ il 
1") fact that the reo " ! tl ! r 
word, Is not conne ed ! Is ! t } 1 
phvsl aT ill\ ind C¢ill It oO 1} | 
observat on the 1 Mos e! ! 


erron nd the phys nical consid 

on a direct conn nm he sp ohe 

Beevor looks upon the persistenc f the hemianops 

a cortical lesion, as du t the absence I @& colMnils rai conne 

so that one hemisphere cannot compensate loss of tl other 

evident that this argument is not valid; a | n which desti the 
visual cortex in the ne hemisphere, would inevitabl lestro the 
cells from which callosal tibres could arise, so that cortico-lugal 
commissural connexion would be impossibl This pat] eieal faet 
cannot be quoted in proof of the absence: f a illosal connexion 


between the arew striate he contrary, all arguments which rest 
upon the presence of such a connexion must be discarded. The 
part of the arguments relate to the explanation of the different forms 
of mind-blindness, but attention may be directed to Wilbrand’s inter- 


pretation, iccepted recently by Len; 25), of the fact that, in 






















RESEARCHES 





ON THE CORPUS CALLOSUM 145 


hemianopsia of cortical origin, central vision generally remains intact. 


hes 


ists through 


Writers assume that, frontally from the lesion, a 


connexion 


the corpus callosum between the central visual tract 


the atfected hemisphere, and the calearine region of the normal 


i 
ic, 


nsider that 


As they, together with 
the 


illosal fibres should consequently end in this area. 


Henschen, Flechsig, and many others, 


visual sphere is coincident with the area striata, such 


The observations 


escribed above consequently disprove this hypothesis. We must 
th consider the two primary end-stations of visual impulses in 
cereb col as, In a certain measure, independent of each othe: 
Si s to me t from a physiological point of view, this does not 
nt an ail Ut\ 
| fail ( ny ¢ ind f issuing a connexion by which all 
vulses fron { of e visual field, after their arrival in the 
t must | mm ite ed in connexion with the centr 
her half ¢ Lhe \ l held 
On t other hand ( miissural connexion is far more probabl 
n the Li Ce res Tron wh ch eve mnovelments can fy eCVOKE | 
s Henschen ) nd others have assumed that the repr 
the retina on t irea striata should be so interpreted that 
ay su ili nus the two inferior quadrants of 
\ | t ( resel lan inder lip the superior quadrant 
a Inouve 7 I ! W Nn appears to me extremel\ 
ible, t eXists, MOreo\ ition of the more central part 
‘ l l na I L t! nob e « idally ituated 
ns of tl riat The peripheral part the retina ar 
re} nted at the per f the area striat It is stimul 
se per] port of the 1 na that cause most eve move 
ent { 1a! ! t is true that the movements of both eves are 
il] rdinated fron ! emlsphere, and the probability 
fou ore r that norma both hemispheres co-operate in thei 
tior On these physiological grounds it seems very probable that 
illosal fibres « nect homotopical areas, but this by no means 
‘ludes a heterotopical connexio The experimental stimulation of 
monkey's brain by Sherrington | 45}, who found foci for conjugated 
movements exactly along the sulcus calcarinus, supports this view 


It 


2 | al 


ippears to me 


d chietls 


no ettect, 


this 


+} 
t 


] 
i 





it Sherrington and Griinbaum stimu- 
the likely Minkowsk! 


ndeed probable thi 


rv m. This is more because 


so found that faradization of the area striata itself in dogs pr 


ugh he eould excite eve movements from the second 
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‘Urwindung ” in its immediate proximity. The closely adjoining radia- 


tion of callosal fibres into the part of field 18 in the cat’s and human 
brain, which is adjacent to the area striata, shows that the here incom- 
ing and outgoing commissural impulses must be strictly localized, as 
they are excited by relatively very circumscribed peripheral retinal im 
pulses and are concerned in the production of accurate and precis 
movements of the eve-balls. 


The dispute mn regard to the localization of the fovea centralis in 


the cortex of the lobus occipitalis is still unsettled, Irom different 
clinieal and pathologico-anatomical observations of late years, wl 
cannot hy discussed he re, If SCCTLIIS to ! t] il Nf Ss most probabl 
represented in the posterior part of the area striata. In most cases 
this area extends round the occipital pole, t the iteral surface of t 

? 
hemisphere. 

If so. only a relatively small part of the extreme occipital region 
[This area s bounded b Callosil ra I ! he s ! 1 rt 
macula” should uther away | t f If t 
hypothesis, for ch sup] iv be fou N sl 1 
Mavendort S Tn iw ! s] 1] | 
would agree with tl consid ( nt 
tribution of the ¢ ! the 

) ‘ 

Which ref conjuvat ! ( | ( | e f 
centrais Chat int ha 7 ! 
weclpital lobe re y ! Hiissu fibre ! t 

i 
walnst 1 views In nima vhich have ! 
binocular vis field, t t | f til 
rigin, and d not 1 | \ mpressiol 
rather head- and neck-movements 

Ihe fol] Win = il cr uy ) t >. t} + ¢ 

»l P . ] . . + on . + ta. + ; ri 
lack of a commissural connexion between the \ rem striati It is 
n mV opinion a vreneral law nm the structure otf the cent} ners is 
svstem, that the anatomical structures concerned with ditterent f 
tions at different levels in their projection-course e sinularly arranged 
Undoubtedly there exists an extensive commissural connexion between 
the primary motor centres Of the bralh-st LO. nstance, thre 1 
motor nuclei, but such has never been shown to exist between thi 
primary optic centres of the mesencephalon and thalamencephalon 


The posterior commissure, Whose position between and frontal to th 
corpora quadrigemina anteriora or the lobi optics 


might suggest that it 1s a commissure between them, has not been 


~ 
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wh to have this function. Sections of the posterior commissure 
rabbits and cats never produce cell degeneration in the optic part 
the anterior corpora quadrigemina, nor in the corpus geniculatum 
ternum. The same is true for the lamina commiussuralis tecti. As 
sensory and motor representations of the eye-ball in the cerebral 
tex are, in all probability, built on the same plan, though naturally 
tied in conformity with the more complicated functions of the fore- 


in, it might be assumed that there exists a commissure between 


v ocular centres, as indeed has been demonstrated in the monke: 
1 possib! few other mammals. Sherrington |46) made its existence 
hbable b btaining conjugate ocular movements by stimulation of 

splenium in monkeys Qn the other hand, no connexion between 
primary \ il cortical centres through the corpus callosum would 

‘ { \ I | ve show! | bsent 
> { ) { ai rie 
( ce c i I ( 
r hems 
| 
| - 
t e Rolandic 
a Ghres 
‘ ¢ l } ! pul 
ct i yy 
( ( } the lob is pu 
( calloso-n nit The 
] ve ne le then sphe 
( ( ( Live \ Ce} LIS 
cvst t nishye n Wuidt and as the number ol 
f ( ( tals Vict lec e ! nunmbel ~ { pproaches 
pus : t ( i inh : ( ere 1 connected 
S | ) ) ( ri adiation mnto thre 


tex 1s better s fig. IS c sle frontal to the occipital end of 
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the callosal cyst. The degeneration extends into the cortex and there spread 

out fan-wise. The tangential fibres are as numerous as in the adjoining 
cortical regions, but the latter contain the ordinary radiary fibres, which ar ' 
entirely absent in the affected area. The pale strip in the centrum ovale 
gradually becomes narrower towards the softening in the corpus callosum 

part of its fibres must undoubtedly have originated from this. Though 1 


primary lesion exists in the cortex in this section, as is shown by the persist 














M x ¢ pr ! al g 
ence of the horizontal fibres, there is a small vascular necrosis slightly front 
to it to which a part of the degeneration of the radiary fibres may be dur 


We may consequently consider the tan-shaped fibre loss as the result of bot 
au cortico-fugal and cortico-petal degeneration ; the first involved projection and 


commissural fibres, the second only the latter. The projection fibres belo: 
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i 
» the tractus cortico-spinalis, which we know originate in the fifth layer 
imina ganglionaris, Brodmann); all long cortical rays which have disappeared 
' e therefore callosal fibres. I draw attention to the localized manner in 
vhich commissural bundles radiate into this cortical “ motor” region. 
| 


x 











radiary fibres between 


‘tion 2-2 mm. in front of tig. 18 the etfect of the vascular lesion has 


sappeared ; the degeneration strip in the centrum ovale and the white matter of 


is convolution is searcely visible, though the callosal softening is unaltered. 
Only the longer cortical rays that reach the superradiary network have 
sappeared. From this we may conelude that the longer fibres radiating into 
tex are cortico-petal callosal fibres. It S ol course possible that ecom- 
ssural tibres also end more diffusely in these convolutions, as is shown in 


tiv. 19. This represents the gyrus centralis anterior of the opposite side 
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Fic. 20.—Case 4, Posteentral gyrus, right, 5mm. behind the cyst. dd 


erations of infracortical and cortical callosal fibres 
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sallosal 1 n lie he right. In the vert 
Caltosal lesion lies on the right nthe vertex ol 
ve is no sign of any primary lesion, it is clearly 
\ ves have disappeared It Is true that the 
in db still detined, but it is evident that the loss 
madie to wats both sides 
( iracter of fibre loss Ss seen on the othe 
S S VS © nution of the 1 ir 
strikin ss of fibres is. visibk n the 
‘ t emis h ( to Ww Cc! eC ¢ | Sil 
j Cl Cc ( oO he commencement 
* 
} f ca 1 fibr ! 
a ‘ \ 
c \ ecene or ‘ bres of thi s 
| vy belo the cortex | s evidetr t t 
es col eo the lesiol nit hy ‘ it)? 
t ¢convol on s marked b L paucity o 
e no entirely abs towards e sule 
c { let Nn the feu l c Cl t ) t 
e | misphere extel ! ! thr 
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occipital pole to the gyrus centralis posterior on the lateral convexity, and 


involving the dorso-lateral part of the sagittal str 


, 
ita. scattered 


\ 


vascular lesions, especially in the gyrus centralis anterior. 


A softening in the anterior part of the gyrus fusiformis and lobus lingual 


of the right hemisphere which also involves the ventral] 


sagittal strata. 
] 


There is very little known of the history of tl! 


demented "and too confused to be examined. The 
is of special interest is the Rolandie region, and the ecort 
eyrus centralis anterior (tig. 21). In the anterior e 
small softenings are seen, from which two narrow stri 


iv + ) pve 
Horizontal) part 


ical lesions is in 


) ] 
entral Convoirutlh 
] 
Ss ¢ n be ollowed 





dorso-lateral angle of the ventricle: dur tl 


smaller, especially as they pass throug the corona 


degeneration can be followed into the supravent icula 


callosum, in which it speedily disappears. We have hei 
fugal tibre-degeneration of the projection and con 
other strips of degeneration, running more or less par 
frontally situated cortical lesions and follow sim 


endeavour to follow these secondary degenerations into 


it is seen that, as in the corpus callosum, they cann« 


centrum ovale: they can be recognized only at the termi 


subcortical fibre cones, and especially in the cortex 





€ L ¢ bined ¢ 
SSI i svstems 
J 

Lil¢ Col iron 


cortic 





course When we 


yt be identified 


nation of some 


This absence of 


the right hemisphere, 


in the 


1 
of the 


visible 
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renders it impossible to state with certainty from which primary 
the right come. 


continuity 
the left hemisphere the lost radiary fibres it 


gyrus centralis 


cortical lesions of 

\s the degenerated fibres come exclusively from the left 

nterior, if may be concluded that this convolution is wholly responsible for 
the “leg centre, that contained these 


iefly its dorsal part, t 
the slightly magnified fi loss of radiary 
lobus paracentralis, 


nem; 16 Was Cl 
distinet 


Even in 





ure i 
though th 


e tan- 





sottenings 
tibres il ean be seen in the right | 
mntial fibres persist. Fig. 22 is a more strongly magnified photograph of 
ie antel part of the 1 sht gyrus centralis anterior, close to the dorsal ‘ 
ry ron i Cl I ront o fig 23. There re several Cc mntluent softenings in 
re cortex Ol e corresponall areas in the felt hemisphere, from which pale 
strips can be followed tl partly disappear in the corpus callosum. The loss 
t « Te | VS VIS i¢ l! n fig t 5 n i ictly Ol ol ,OUS rea ot the 
side of bral There is at ked reduction « he long cortical rays 
, nes ! detinitel liminis {i 1) The boundaries 
re ‘ ‘ ss 1s see? e tolerably sharp on eac sic \s e 
ic S si Roland ( left IS] e are limited to e 
5 Ce nite )) na } cul ( le centre this case may 
S | ! endn ( Se ( sal fibres in the yrus centralis 
weahation ' In sections 7 behind fig, 21, there is not 
ce \ r n the) corte ( the d rsal pa Ol the le 
S ¢ | st O () ( é ere ~ aisting fil e tos n 
US sphere, but s not m is sharply 
{ las IS ( lis ( x ‘ e | c ( cu n has 
n ? I > | LVé Ss preserve | is well 5 the 
ea S 5 ¢ $ te r] a VY no means bsolute 
- er, } se s | elsewhere caused « Spon 
( ] l i¢ ! ! 5 pial ol 1 corpora 
se ch fig. 22 ken, \ 
( ; i ( ! ld ( Ui interior ce | col 
e} ed ( s S e dors | ) 
, n | ~ I Cc ¢ ind the w e matte 
ct. I ~ f sphe . 
! { oO S ( ( hbres «due » Second \ 
j lk “4 t ! leCLvene t col cal Payvs 
| 3 re Sicle he cdeget ) 
es lista i { f c i ng passed the base 
— ( 3 4 S l \ l¢ ule 
S col ] l t ( oY) cel 
a aa ' \ vrus centralis 
Its es ll S l cine hn abo | C) behind thre 
n « legen ed ( ss fibres he ce eal 1 S ‘ fusely 
niche nl | Not star ! erous lesions ! Is lf of the 
( tel rt Thre ] Cel l ¢ ny Ol re norn ul > 
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, 
at least much greater than on the right side. As mentioned above, the ventral 
and dorsal parts of the convolution adjoining the softening, which occupied the 
middle part of the gyrus centralis anterior (the “arm centre’’), were unaftected | 
On the other hand, the extreme dorsal part ol the ante ior central convoluti 
A leg centre |) contained small foc! Ot so tening The secondary degenerati Ss 
resulting from these lesions in the cortex of the gyri cent! iles anterior and , 
posterion on the right have been al eady deseribed : they are ypparel 
confined to the extreme dorsal parts ol these convolutions. In the regions 
immediately ventral thereto, as in the cortex ventral to the middle of the tw | 
“vrl centrales, the fibre loss is u’ less distinet or is entirel) ibsent O 
seems justified in seeking the cause fo s difference in the extent otf t 
cortical and s ibeortical softenings in the left anterior cen il sy Ss 
—— — _ — eee i 
} 
' 
j 
2 Ca » Middle part of the right postcent gyrus. Di des 
iosal ft ‘ 
Further caudalwards where the left oecipito-} etal lesion falls the sex 
the conditions become too com) licated to dete ine with cert the « : 
the degeneration of the cortical rays on the ohts . ve = 
ble that i section tf sp] ! ( ( ] = , ‘ 
operculum are diff isely degenerated 
( / ( 
Case b Lett misphere crotic cysts filled w fluid whi solate 
the corte Oo the entire tem] ral lobe the evtel part oO cf) is Cé tral 
posterior, and almost ew le « ! etal | b he hibrvw pro} i ‘ 
ilmost everywhere preserved. Subcortical softer S the vei land c 
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' 
that it has probably numerous connexions with the cortex of the fronto- | 
parietal region and with the basal ganglia. 

My case enabled me to confirm this latter view, as owing to the } 
degeneration of a large part of the white matter of different con 
volutions, the remaining fibres could often be followed over a consider- 
able extent in one section. Fig. 24 shows a part of a frontal section 
through both hemispheres; only the most ventral part of the left gyrus 
centralis anterior and the upper and the middle portions of the gyrus 

; 
| 
) 
F nu 
caud 
Fic. 24 Case ¢ a fibr from rtex fa Sl is (] 1 . 
1 to cor} t m. § \ l ullos m i 
1 pyramidal t 
frontalis are situated in this plane. A great portion of the corona 


radiata is degenerated, but projection-fibres from the gyrus centralis 


anterior (facial and tongue centres) persist. ‘These pass transverse! 


through the dorsal part of the external capsule, and dorsally to the 


nucleus lentiformis to the lateral part of the interna 


caps we. 


Separated from these by a broad pak me the medial fibres of the 
corona radiata pass to medio-dorsal portions of the frontal gyri Both 


bundles are traversed vertically by finer fibres, but the latter are 


partially degenerated, and only certain bundles are preserved. Thi 
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‘ 
| in be followed from the external capsule and from the lower part of 
the gyrus centralis anterior to the fasciculus subcallosus, where they 
terminate abruptly. In the most dorsal part of the figure one sees 
etter preserved fibres coming in exactly the same manner from F* ; 
these can be also partly followed to the fasciculus subcallosus, partly 
the lateral region of the corpus callosum, and a similar connexion 
sists with F’. In fig. 25, from a section 1°2 em. in front of the 
former one, the fasciculus subcallosus is greatly increased in volume. 
; 
| 
) 
nu caud 
I 95.—( t i from tex to fa ul S (par 1 ) 
‘ t Y sul gitta ! 
ite pa Ss subca 


The lateral part of F’ is partially degenerated in consequence of the 
ibcortical cyst in F* and F*, and a pale strip can be traced from it to 
he fasciculus subeallosus. 

Similar connexions between all the fronto-parietal convolutions and 
the fasciculus subcallosus can be seen further posteriorly where thi 
itter extends, behind the nucleus caudatus, into the ** substance sub- 
pendymaire " (Dejerine). The same connexions, less in number, exist 
between cortex and the fibre mass along the posterior horn (part of 
the tapetum). 


The 


fasciculus subeallosus in these and more frontal sections is much 
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llosal fibres can be far less distinctly followed into the cortex in 


» Rolandica than in some parts of the occipital lobe In this 


here is a well-detined isolated system (forceps-tapetum), and 


avourable plane of section and proper staining the fibres can be 


i 


uusly followed into field 18, and possibly elsewhere But the 


the body of the corpus callosum cannot be traced directly 


‘orteX In transverse sections : part of these turn ventralwards 


lateral ventricle, mesial to the corona radiata, but the vreater 
dorso-lateralwards and in an ol jue sagittal direction I can 


he deseription of Anton u. Zingerle | | Moreover the ending 


l e fibres t t ascend rou from the lateral part ol 
ul ur} litfuse than in the occipital lobe 
( il ‘ n n Ca » purticulari t st nm othe inter 

nvolutiol ind the secondat tibre-degeneration resulting 
prove that cort -fuval catlosal fibre run 1 compact 
! vee! t! COrte nd ti ite { Pp rtion ol ear corpus 
! ilmost vertica t t Further, as Case 6 shows, 

l el i ntusine the association fibres of the 

Li) Is With true | l elements: this error is the more 

l ! culus sub { \ ed by « sal fibres ovet 


yns ( | miportant Indeed le the 
is t lin the Rolandie 1 n of the 
! ‘ fas ilu iben IS pi iticall ntact 
hich could be ft wever, from the cortex to the cyst 
ned { t pus callosun These decenerations 
csi 3 Case 5 tl Was In consequence 
! luced a corresponding tibre | 
\ ditt n n Case 4t fibre | extends 
nt it Isturbal ina si IS s kinely shows 
1 rad It pied a fan-shaped area toward ( 
l hn « ld eas draw from a id\ [ the pre 
} I Ls taken, is that t degenerated fan consists 
ited t petal ecallosal fibres, resultine trom the callosal 
The fact that a rtico-fuval callosal degener tion (Case 5) cer- 
luces exactly the same fibre loss in the centrum ovale must, 
‘t >a deterrent from drawing such a conclusion Moreover, 


nvestigation of the series will prevent us [from doing s 


lesion being found in the immediate proximit This justifies 


conelusion that the same part of the eyrus centralis anterior, 
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receives Ci tIco-pre tal 


When a lesion which does not involve the cortex produces an isolated 


commissural degeneration, the disappearance of the cortico-petal callosa 


fibres alone is not sufticient to cause a well-defined tract of ¢ 


up to 


be 


gyrus centralis ante! 


tibres from the one hemisphere e1 


the homologous spot 


more 


the cortex. 


or 


It 


less diffuse. 
mv th 
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latter, however, are fewer in number; it is evident that the <« 
fugal degeneration nowhere consists exclusively of commissural 
It thus follows that besides homotopical conn ! vhich 
certainly be admitted, there is also a heterot ypical on I cannot 
out in what relation the termination of these fibres stand to tl 
offorigin of the ecallosal fibre It w onl n the rus ce 
Ant rior that I could with certan determine the e corres) 
in their origin and termination 7 ust) ns of corte 
undamaged hemisphere in Cases 4 and 5 show this M 
the preservation of 1 short cort -fuga rt radiat i 
disappearance of the longer cort -petal 1 here visible 
evident that the cort Ll fib: aevel ti due to th Cc 
equally diffuse in the gyrus cent: posterior, wl tl 
fibres is less circumscribed than in the g¢ s centralis tel 
cannot determine with certaint the rel t I] fibre 
vyrus centralis posterion In the « . t] tical lesions, s 
those described in gyrus centralis anterior, I never sa ich « 
fascicular degenerations. 

I believe I may be justified in stating that in the ; rior 
convolution 

(1) The relation of the origin and termination of the callosal 
is not definitely local. 

(2) The ending of these fibres is relatively diffus 

(3) Fibres end here which come from the contra-lateral 
centralis anterior, and to some extent at least the origin and 
both in front and behind the sulcus centralis are situated in the 
horizontal level. 

On the other hand, the anterior central convolutions are 

(1) Connected homotopically, in the sense that the origin of e 
fugal fibres is more or less surrounded by a radiation of fibres 
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ists a heterotopical connexion between the gyri centrales anteriores ; 
have no argument in favour of It. 

2) They are connected with the contra-lateral gyrus centralis 
sterior in the manner described above. The fibres which form this 
eterotopical connexion are apparently far more numerous 

It is possible that the relations of the callosal rays in the prefrontal 
ri can be better followed than those of the centro-parietal region, 


ne to the more sagittal course of the commissural fibres around the 


nu anterius, resembling in this respect the forceps and tapetum in 
occipital lob [ have, however, not been able to collect such 

tive information with regard to the frontal lobe as Case 1 afforded 

e relations of the commissural tibres to Brodmann’s field Is. It 

nlv the re n of the base of the third frontal convolution in 

Case 6 which id bring light to bear on this. In the first place it 


Its from these preparations, that, even when there is not a prinars 


sal les li. the oreat COlnMIIsSsSUure adecreases very considerably Nn 
Nn \ to the destruction of a part of the centrum ovale and of 
=~} rietal revion, as mMeed wn oht be expected It Is very 


ficult to follow in continuity fibres from the frontal and temporal con- 


rpus callosum, but it is certain that they have a very 


ur course to those that definitely run medialwards into the complex 

the fasciculus subeallosus. In Case 6 it is not possible to determine 
ther in certain places these radiary fibres pass into the corpus 
sum or into the fasciculus subcallosus. In the dorsal part of figs. 

24 and 25 fibres to both destinations may be seen. It is very likely 


it the termination of commissural fibres is diffuse on the opposite 
There is, however, such a doubtful loss of cortical fibres in the 
njured hemisphere that one must suppose that here, even to a greater 
ecree than in the Rolandic region, the commissure does not connect 
mologous parts. More than one preparation led me to suppose 
bt a part I the corpus « illosum serves to connect the neostriata on 
ich side, that 1s the nucleus caudatus and putamen nuclei lentiformis. 
But I have not been able to find cell degeneration of these gangiia 
ich would be a convincing proof of this. In analogy with the 
irchistriatal commissure which connects the nuclei amvedalw, and a 
possible commissure between the palwostriata in Meynert’s commissure, 
such a connexion of the phylogenetically most recent parts of the striatum 
would not be improbable. In any case there is a considerable number 
of fibres in the corpus callosum which unquestionably passes from the 


one hemisphere to the other, the origin and ending of which we do not 
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know with any degree of certainty. On these grounds the statement 
that the corpus callosum simply connects the cortex of both sides, eith« 
homotopically or heterotopically, or in both ways, must be abandoned 
The height to which the cortico-petal callosal fibres ascend in th: 
cortex is indicated by the preparations from which figs. 19, 20, 22, 28 
have been taken; in these either the short fibres are intact, or small 
proportions have disappeared than of the long ones which reach int 
and above Brodmann’s layer 1\ 
I have been unable to determine with certainty from these invest 
tions on human brains from which cells of the cortex, or from whic 
layers, callosal fibres aris It is certain that the giganto-pvramids 


field 4 (Brodmann), in the cases where the evrus centralis anterior wa 


completely separated from the centro-parietal callosal radiation, have 1 
suffered appreciably I have had no opportunit f investigating 
remaining cortical areas in cases of isolated callosal lesions 
satisfactory cell-staining methods 

The cell changes discovered in the deeper c | lavers in the « per 
mental observations on the cat, rabbit and mouse, were possil n 
temporar\ 

Various remarks have been made lready concerning the 
logical significance of the « illos fibres [i gpe -°6CD ist! | 


field Is, An attempt has been made to explain the fact that 


primary visual cortex 1s not commuussurally connected with the oppos 
side, while the surrounding region, which lose USS ted th « 
movements, has commissural fibres In the remaining portions of th 
oceipital corte the callosal ending ppears t be dithuse A relativel 
circumscribed termination of cal il fil ecurs in it | 
from which compact cortico-fug tl bundles nsisting of colnissural and 
projection fibres (including the pyramidal tract arise \ccording t 
Mott, a direct influence of corresponding points of the ‘ motor” corte 
on each other appears to be certain, whil the conne mn between the 
gyrus centralis anterior of the one and the gyrus centralis posterio 
the other side seems to be more dittuse As already stated, the 0 
and ending of this conn bout t samc ! ntal plan 
both in front and behind the fissure of Rolando 

The posterior central convolution is above al primary cortical 


sensory centre, and contributes in large measure to the building up and 
the regulation of the movements which are innervated from the gyrus 
centralis anterior; these motor impulses descend from the giganto- 


il commissural 


- 


pyramids of the fifth cortical laver. Both 
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pulses from the contra-lateral anterior central convolution to the 
iperticial layers of this motor field, and the heterotopical impulses 
mi the same region, to the adjoining part of the posterior central 
Volution, uav also contribute to th elaboration of the moto: 
p 
The inability to follow the commissural connexions of the frontal] 
s, even though they probably exist, adds to our ignorance of the 
netional significance of these regions and renders physiological con 
s on this part of the corpus callosum inpossibl 
\ few clinical remarks were made in the introduction on the 
t ey of the corpus callosun It is remarkable that of all the 
ptoms riped mn case of callosal lesions verv few mav_ be 
1, with ar leor f certainty, to destruction of the commiussura 
ertect solated callosal lesions rare] f ever, occur, and 
ibser t] ereat Conumissure does not necessarily cause 
— Iiptom I therefore neglect mat \ ntrinsically interest 
munications St n which, in addition to other disturbances 
! ( s wis absent, and where possil 1 sp il symptom 
ht be ascribed to this It must be admitted that the symptoma- 
Ss Ve variable ‘racticall nly those cases come und con- 
I ‘ hie il Ss ted, o more les ca callosal 
ning ¢ te rin which b ftenin n on emsphere 
n irbed, whic n inder the control of that hemi- 
lol Such disturbance, when remote intluence | 1 tumou 
7 lye led n only be expluned through the commissural 
In the first place 1 ! t tion offers an anatomical explanation 
ew nown fact ! ist ft cortical epilepsy the excita- 
centr t} ulftected hemisphere, can cross throug] 
rpus cal 1) the homologous centre in the healthy henu- 
he f the pi ession of the convulsions from the one side to the 
not accurat homotopical, as is indeed often the case, it 
be assumed that the excitation of the centre first atftected was so 
¢ th t] ritation spread directly from here to the homologous 
sion of the opposite hemisphere 
Indirect api 1 (apraxia callosa) of the left extremities whicl 
pmann has described, is assumed to be due to a lesion of th 
uMISsUI connexion between the left and right sensorio-motor 
ntres. This view, put forward by Liepmann, is closely connected 
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in consequence of a deficient formulation of psvel plan,” 1 
by the ineffective transmission of the “plan” to the gion, when 
the execution takes place finally, but ( idequa ( ut 
ol the action itseit, as this de pends on. the WmMequacy ol t] Phidoie 
diately preceding intra-cortical activit but tl must not be confu 
with the regulating impulses from tl prox 
turbance of which produces cortical ata In Ca { W 
handed movements were « irbed, n ! Ly se t ed tl 
co-operation the apras eht hand, but | ise the ul 
the left hand wer prin | itfected All el i ns I 
left hand, as far cou be eXan } cj el 
were qu te norma 

In addition to the lp pra ne 
clination to make an vement the hat ! I'l Whe 
its innervation was attected bv the ext Ve ! ( r bv tl 
frontal softenin S erster oS 1 ot | possibli 
it is certain that. the nitiative t tl ind 
lessened hy the roe lesSlOnS There can if I 
question of a unilateral * eupraxic-centr 

Finally, there is the question as to the causes of mind-blindness 
A lesion of the posterior part of the corpus callosum is generally 
considered, at least partly, responsible for this. If this assumes tl] 
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recent than field 17, and increase relatively in the higher mammals. 
Parallel with this the occipital callosal fibres become more abundant. 
he exactness of the hypothesis of Niessl v. Mayendorf, that in 


sual function the left hemisphere predominates over the right, and 


‘alized softenings of the pole and ventral part of the occipital lobe 


“left macula centre’) may cause mind-blindness, can be determined 
nly by fuller clinical and anatomical investigations. 


One will then have to reckon with the fact that the area striata 


nmissural connexions 


no co) 
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SENSORY CHANGES IN FRIEDREICH'S DISEASE 


BY P. W. SAUNDERS, M.B., M.R.C.P 


Tue sensory changes in Friedreich's disease have been studi 
by several observers. Noica, in two cases of the disease that 
examined carefully, found very considerable loss to ditferent forn 
sensibilit, I.gger, in his investigations of “osseous sensibility,” ¢ 
sidered that this is regularly affected in Friedreich's disease Oth 
investigators have from time to time repr rted cases in which a cert 
amount of sensory loss was present, and cases indeed with some sensi 
loss have been mentioned incidentally from the time of the « 
differentiation of the disease from tabes dorsalis, and its ocecurret 
is referred to in most neurological text-books 

The classical description of the disease, how 
that loss to some or all forms of sensation may occur, regards 
altogether an unusual and exceptional feature, notwithstanding 
fact that one of the great sensory paths of the cord is the chief 
of the pathol clcal changes that are pre sent in the LISECASE 1 ser 
of systematic observations, therefore, on a considerable number of 


a seem justined, in order to see how 1 


of Friedreich’s disease wou 
the classical description of the disease holds in the light of our pre 
knowledge concerning the different forms of sensibilit 

The chief aim, however, in undertaking this work has been t] 
important question of sensory conduction in the cord, as the more recent 
work of Petrén, Rothmann, Head and his collaborators, and othe 
investigators make it probable that impulses underlying the sens 
position and appreciation of passive movement, the recognition of tw 
compass-points simultaneously applied to the surface of the body, th 
appreciation of vibration, and the recognition of size, shape, form, and 
weight, and possibly of roughness and texture, are conveyed throug 
the dorsal columns, tracts of which there S systematic degeneration 11 
Iriedreich’s disease. 


Most investigators now agree with the view that the don 
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At the other extreme are patients at whose wrists or knees a full ra 


of movements may be earried out without the patient Ss recoun 
unless by vision, that any movement has taken plac« 
secinents are the first affected, and so 


ereat toe, the 
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It was usually tested only on the distal segments of the limbs, but 


n some cases higher up over the forearms, legs, and even thighs. The 


necessity of establishing normal thresholds for so many different parts 


f the body restricted the use of the test on the proximal segments of 


' the limbs and on the trunk, and the examination of the distal parts 
f the limbs was quite sufficient in most of the cases to demonstrate 
ss to this form of sensibility 

ly but the very earliest cases some disturbance was found. This 
‘urred roughly with about the same frequency is did loss of the sense 
position nd, like the latter, varied very much in different patients, 
it seemed t how a gradual progression from slight defect i the early 
s t Ls se to gross loss in the more advanced staves. lor 
tan most norma ndividuals can distinguish two points 
lily a ! apart on the palm, an early case of Friedreich's 
se may giv t poor reading at this distance, and may require 
points to be 2 or 3 em. apart before a series of correct answers 
possible hile an advanced case ma how such vreat loss that the 
| il t | distinguished as such when they stretch the whol 
oth | } 
One patient in a comparatively early stage {f the disease gave the 
ving readings the left palm with the points at 4 cm. apart 
I I I I | 
| L | l 
not} ! dvat i st the following at 6°5 em. on the 
il 
I I 
l 
1 on t paln irface the tip of the middle-finger, a part 
t in the normal individual is very sensitive, he gave the following 
j | ! eadil it 2 a 
I LI I] 
The errors to the application of one point in the top line of thes 
dings not mean that the patient is an unsatisfactory witness, 
| but rathei s Head and She: have pointed out, that we are 
i ipproachin threshold for correct discrimination. 


Between the slight loss in the earlier cases and the 
the advanced, various degrees of loss may be demonstrated according to 


cross affection in 








184 ORIGINAL ARTICLES AND CLINICAL CASES 


While the appreciation of simultaneous contacts and the knowledg: 





of position were affected with more or less the same frequency, they 





















were affected also with about the same relative intensity in the different 

stages of the disease. It was found repeatedly that a moderate or a | 

gross loss of the one form of sensation was present side by side with 

parallel loss of the other. Occasionally, however, the loss of position 
: 


might be slight, while the failure to recognize simultaneous contacts N 


was quite marked. Less frequently again, it happened that the los 


position seemed relatively a little greater than the loss in appreciat 
of double contacts. ) 
Like the loss of the sense of position, the defect in appreciatin; 
double contacts is always greater in the lower extremit than in th 
. aon . , ; 
upper, and like 16 too 1t iS usually more or less himet | n the t 
sides ol the body. The tact le le SS pres ht 1 th Wer ¢ tremble 
frequently interfered very considerably in th caminat With « 
passes In such patients the disease 1s usually so ced that mu 
error is found over the upper extremities and in the proximal portior 
the lower limbs where the tactile loss is either absent \ slight , 
L have observed howe ver, cases n whicl there \\ no dei Onst il 
disturbanee of t tile sensibilitv. or, t tl NH t, wht hy} 
wsthesia on the distal segments of the lower extr ties, in W 
nevertheless, the appreciation of two contacts was profound tect j 
and grossly out of proportion to the tactile disturbat Not on thet 
fore, could loss to compass-points be demonstrated in a t every cas 
in regions in which there was no tactile disturbance, but where slight ) 
tactile loss existed the failure to appreciate double contacts wa t of 
all proportion greater and evidently independent « { hese observ 
tions agree with the important « ‘lusion which has been alread 
established by the examination « clinical cases in which the is 
dissociation of certain elements of sensibility, that the cura OL tl 
recognition ol two points (that 1s Webei test L a measure I f 
tactile sensibility and may be lost apart fron { 
Vibrati Lhe ippreciation of vibrat requent nd otter 
very considerably affected. In one patient already mentioned, in whon 
all qualitie 3s ot sensation were intact, there was of course no [oss t 


vibration. In three others the loss was doubtful; though in each ) 
there was an apparent diminution according to actual measurement and 


comparison with the controls employed, the difference between thi 






patient and the control over a series of readings was within the limits 





of physiological ditference between two normal individuals of the same 
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intelligence as the patients. In all the patients except these, the loss 
to vibration was beyond doubt, and in many cases was very: pronounced. 

Not only patients in the advanced stages of the disease, but many 
even of those able to get about quite well, may show a very marked 
diminution in the appreciation of vibration. In more than half of the 
patients the loss over some part of the body was so great that measure- 
ments were unnecessary; on certain areas the vibration was not 
ippreciated al ill. 

The following example will serve to illustrate the degree of loss that 
may be present in a moderately early stage of the disease. One 
patient has had symptoms of Friedreich’s disease for about four years 
ind is now a little ataxic, but can walk fairly well She could not 
appreciate the strongest vibrations cf a fork on her left foot and leg 
While on the right leg she could do so for about one-third as long only 


; the contre 


Like t loss of other forms of sensibility, the diminution in the 
ppree t n OL Vibration 1s olten symmetrical The ditterence between 
the two sides may be recognized by the patient, who may say, “ Oh, I 
that side,” o1 t's quite different there.” 
In the earher stages of the disease the loss of appreciation of vibra 
was wavs greater on the lower extremities than on the upper. 
\s the dis advances the loss increases in the upper extremities, and 
may fin very advanced cases, be almost complete in both uppet 
| hh 
Ihe Ss tematic ¢ LnInation oF a numbe ol cases, however, shows 
it the diminished appreciation of vibration is not confined to th 
inbs, ind ti Uueh ib Is csenerall cvreater in the distal than in the prox- 
inal segments of the limb eannot be described as a distal loss in the 


ense in which this term was used, for example, with regard to tactile 
powsthe \s the disease advances, the disturbance tends to spread 
from the legs over the trunk, and, while in an early case there may be 
nly some diminution in the feet, in an advanced case the loss may 
reach as high as the clavicles. Usually it diminishes gradually in 
seve t from the feet upwards, and may be more pronounced ove! 
the ilium than over the hand. It would seem, therefore, that if the 
mipulse Ss unde rlving the appreciation of vibration are conveyed by the 
tibres of the dorsal columns, sensibility thereto is lost first in the areas 
that send np ilses upward through the longest tibres of these columns, 
and the affection gradually and successively involves the fibres according 


to their length. 
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The disturbance in the appreciation of vibration frequently, there- 
fore, seems more ditfuse and widespread over the body than the defect in 
the recognition of posture or in the appreciation of double contacts. 
Occasionally, however, the appreciation of vibration was less affected 
than these other two; and, in general, it must be admitted that though 
in different patients one or other of these forms of sensation may appear 
the more affected, as far as we can compare such very different qualities 
the relative intensity of the loss of each is roughly parallel. All three 
show the same bilateral variations and the sanie tendency to the earlier 
and greater incidence of the loss on the lower limbs 

] 


Form.—The recognition of form, or three-dimensional shape, was 


much less affected than the sense of position and the appreciation of 
simultaneous contacts and of vibration It must be remembered, how- 


ever, that this test could be applied in the upper extremities only 


where the general intensity of sensory loss was slight and much less 


than in the lower limbs. Further, the recognition of form is a very 


complex quality and depends on the cortical elaboration of impulses 
Which pass along several paths. Moreover, the test as used in these 
observations is a qualitative one and could not be varied 

It was examined in seventeen of the twenty patients only. Of these 
ten replied readily, and named the test objects correctly ; two answered 
slowly, fumbled the objects considerably in their hands, but named then 
correctly in the end; three answered slowly and made occasional mis 
takes, while two made frequent mistakes, and seemed to show quit 
detinite or even gross loss in recognizing the form of the different objects 

Notwithstanding its much less frequent occurrence, the defect in 
the appreciation of form would seem to be more associated with the 
disturbance of the sense of position, the recognition of double con- 
] 


tacts, and the appreciation of vibration than with tectile In 


the two patients that answered very badly, tactile sensibility in the 


upper extremity was ver\ shehtly affected in one, and not at all in the 
other: and in the tive that answered slowly and unecertainly., touch 
was never more than slightly affected in the upper extremities The 


sense ol position, recognition of double contacts, and appreciation ol 


vibration, on the other hand, were very vrossly affected in the two 


definitely marked cases, and were more or less seriously atfected in the 
tive cases of slighter loss. It would seem, therefore, that the ree on 

tion of form may be lost independently of tactile sensibility, but that 
its loss does not occur without disturbance of the appreciation of posi- 


tion, double contacts, and vibration. 
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It is impossible, however, to regard it as definitely proved that the 
loss of recognition of form is co-extensive with loss of these other forms 
of sensibility, for several patients showed that a very high degree of 
loss to these latter was compatible with slight loss only in the recogni- 
tion of form \ll we can infer, therefore, is that the appreciation of 
form is closely associated with the integrity of those paths in the cord 
that carry the impulses which subserve the sense of position, recognition 
of two points, and appreciation of vibration. 

Shape.—Like the recognition of form, that of shape in two dimen- 
sions could be tested on the upper extremities only, but the frequency 
of its affection seemed much greater than that of form. It is, however, 
a much more difficult test even for the normal individual with his eyes 
shut to tell the shape of an object when it is pressed on his palm than 


t is to recognize its form when he is allowed to handle it, and the 
controls were not invariably correct in the tests for shape as they were 
n those for form. A considerable number of mistakes therefore must 
be regarded as within the limits of experimental error Making every 
illowance, however, for the difficulty of the test there appeared altogether 
too many instances of gross lack of appreciation of shape to neglect this 
qual tv of sensibil ty entirely in estimating the sensory disturbance in 
Friedreich’s disease 

In five patients, al least, there was gross loss; these patients were 


either unable to recognize the shape of the objects pressed on then 


hands, or n ide sO many mistakes in attempting to do so that they 
seemed to have no idea of the shape at all Most of them when 
illowed to handle the objects could tell the shape fairly well, except the 


two patients who had marked loss in the recognition of form, and who 
were included amongst the tive patients with gross defect in the 
recognition of shape. There was no patient, indeed, with any loss in 
the recognition of form who did not also show some disturbance in the 
appreciation of shape, and this latter was usually much the greater 

In some of the patients with pronounced loss of appreciation of 
shape there was a very slight tactile loss on the hands, but in none of 
them did it seem sufficient to account for the inability to recognize 
shape In others there was no tactile disturbance, and in none of 
the tive pat ents was there an pressure -touch loss The loss of appre- 
ciation of shape in these patients, therefore, must be regarded as 
occurring independently of any disturbance of tactile sensibility. 

In all of the five patients the disease was considerably advanced and 


the loss of the sense of position, of the ability to recognize simultaneous 
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contacts and to appreciate vibration was pronounced or even gross in 
character in them all. 

Size.—In testing the patient’s ability to recognize size, round discs 
varying in diameter from 0°5 to 4 cm. were used, and were pressed 
firmly and evenly on his palm, the difference in diameter between any 
two successive discs being 0°5 cm. Usually it was found that the 
controls could distinguish quite easily any two dises with this differ- 
ence. Greater differences were always recognized correctly. 

In the majority of the patients no definite loss in the recognition of 
size was demonstrable. Seven patients, however, made many errors 
in attempting to distinguish dises of O°5 cm. and 1 ecm. difference, 
and even in some instances discs with a difference of 2 cm 

These were chiefly the patients who were unable to recognize 
shape correctly, and in some of them there was also very slight loss to 
cotton-wool touches over the hands. This seemed, however, hardly 
enough to interfere to any extent with the test, for pressure-touch was 
quite preserved, and other patients who had just as much tactile loss as 
these seemed to show no loss in the recognition of size. In all thesé 
seven patients the disturbance of the sense of position, the recognition 
of compass-points and the appreciation of vibration was marked, or g1 

It would seem, therefore, that a certain loss in the recognition of 
differences in size may be found over the palm of the hands in advanced 
stages of Friedreich's disease and that it occurs only in patients in 


whom sense ol position, discrimination of compass-poimnts and recog- 


nition of vibration are much affected, though not always in proportion 
to the loss of these elements of sensil lity. 

Weight The recognition of weight, like that of size, is measurable 
form of sensibility, and the controls used gave very uniform results \s 


many as ten of the patients with Friedreich's disease were considered to 


show definite loss in the appreciation of ditferences of weight; in four 
of these, there was slight loss onlv, but six had considerable or even 


marked loss. 
These six were the same patie nts that showed cross loss in the appre 


ciation of shape, and defective recognition of size, and th 


almongst them the two patients who had considerable loss in the recog- 
nition of form. Thev were all, therefore, in more or less advanced stages 
of the disease and showed in the upper extremities much loss in the 
recognition of position, dual contacts and vibration. In comparison 
with the intensity of this loss indeed, the defect in the recognition of 


differences of weight could not be described as very great. It seemed, 
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however, to be associated definitely with a cross defect in the recognition 

y of all these other forms of sensibility, for in a few cases in which these 
were markedly affected, but in which one or other of them seemed 
spared more than the others, weight loss to any extent was not found. 
It could not, however, be definitely associated with any one of these 
elements in particular. 


A disturbance of the recognition of differences of weight, therefore, 


would seem to be found in those patients with Friedreich’s disease who 
have a gross loss of the appreciation of position, simultaneous contacts 
ind vibration, and would seem, moreover, closely associated with a defect 
in the recognition of size and of shape, and like these two forms of 
sensibility would seem to occur more frequently than a loss in the 
’ eK nition of torn 
In examining the appreciation of form, shape, size and weight in the 
inds, it was noticed occas nally that there were slight differences 
between the two sides nilar to that described for the other forms f 
nsibilit 
) 

We are now in position to review the results of this analysis 
if listurbar \ he twent typical eases of 
| r ( n all es tl we have examined 

; Lhe ppreciation of touch, pain and temperature are vei irrecu- 
larly attected in the upper extremities, never more than very slightly 
ind often not at all. When loss occurs it is almost always a slight 
distal blunting to touch, and very rarely to pin-prick, or to heat and 
cold as wel In the lowe extremities these cutaneous elements are 

frequent nvolved, and the ften some distal hypowsthesia to 
eht tou or even to ]} we-touch, and in many cases also to pin- 
prick nd to heat and cold It is the other elements of sensation 
however, chiefly th that are commonly included in the term ‘ deep 

. sensibility,” but also the appreciation of simultaneous contacts, and of 
size. sha} ind form, that are most severel affected. The ense ol 


position al 1 the recognition of passive movement, tne a ypreciation ol 
] 


louble contacts and of vibration are almost alwavs more or less attected. 
especially in the distal parts of the lower limbs, and not infrequently, 
ugh to a less degree, in the upper limbs as well. The frequency 
the constan with which these three elements of sensation are 
sturbed are i 1 characteristic of the disease 


The recognition of shape and form, and the appreciation of size and 


also affected, but much less frequently and less seriously than 
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the sense of position, the appreciation of compass-points, or of vibra- 
tion. This is probably due to the fact that these forms of sensibility 
can be examined in the upper extremities only where the sensory loss 
as a Whole in the early stages of the disease is usually not great, and 
possibly also to the fact that they are more elaborate forms of sensibility 
They would seem, however, to be associated in their disturbance rathe: 
with the loss of the sense of position, the appreciation of double contacts 
and of vibration than with tactile loss. The recognition of shape, and that 
of size and of weight are affected with the same frequency, and usually 
in the same patients, while the recognition of form is less often disturbed 

The elements of sensibility, therefore, which it is assumed are 
conducted through the dorsal columns of the cord, would seem to be 
disturbed in Friedreich's disease more or less constantly and character- 
istically. The loss, especially in the early stages of the disease, falls 
most heavily on the lower extremities, that on the re ns innervated 


by the spinal segments that are earliest affected, and tends to spre 


higher and higher over the body and to become more profound as th 
disc ase advances. 

Those elements of sensibility that are conducted through the d 1 
columns have been divided into two groups The recognition of tw 


points of the compasses, and the appreciation of size, shape and fort 
which are dependent at the periphery on the integrity of the cutaneous 
nerve-endings would seem to run in one group; and the sense of position 
and of movement, the recognition of vibration and the appreciation of 


weight, which are dependent peripherally on nerve-endings in joints, 


tendons, and muscles, apparently compost nother group As the 
disturbance of the sense of position, of double contacts and of vibration 
was always so great in every case in which the 1 enition SIZ 


shape, form, and weight was affected, it is impossible to correlate the 


disturbance in recognition of size, shape and form with that in the 
recognition of compass-points particular! r the loss in appt ition 
of weight with that of position In the description of the fate of thes 


elements of peripheral sensibility, therefore, 1 have preferred for con- 
venience to follow the order in which they were tested clinically, and 
to consider together the disturbance of the sense of position and of 
movement, the loss of appreciation of doubl ntacts and the dimuin- 
ished recognition of vibration which constitute a more primary group 
the recognition of form, shape, size and weight, would seem to compose 
a group of more secondary and elaborate sensations. 


In a disease such as Friedreich's ataxy where there is a very slow 
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degeneration of the dorsal columns of the cord it is inevit- 


Progresslve 


ible that though the sensory loss may conform to a definite type there 


uust be much variability in the relative intensity of the atfection of 


the different elements of sensibility in different cases. The frequency, 


1 


wever, with which a characteristic sensory loss does occur would 


its inclusion in the clinical picture of the disease as an 


xceptional, feature; and turther, the constancy 


ill ¢ 
with which this loss involves the sensory impulses 


dorsal columns of the cord goes to contirm the conelu- 


n the cord that have been obtained 


sensory ¢ uction I 


cal spinal lesions 
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CuHuarrern Il rue Errecr oF ANTISYPHILITIC TREATMENT ‘ON THE WASSERMAN? 


THE intention of this paper is to review the present state of know- 
ledge of the Wassermann reaction in all particulars which bear directl 
or indirectly upon neurology, but in these particulars only. It is als 
the intention to describe fully the methods which we have ourselve 


] 
} 


utilized as being the most satisfactory according to our deductions 
These deductions are based upon researches into the subject of syphil 
generally, and also upon the results of a long collaboration with Dh 
Henry Head and Dr. Fearnsides upon syphilis of the nervous systen 
In particular 

The work is treated largely from the technical point of view, and } 
thus assumes a general knowledge of the principles, and even of the 
technique, of the reaction on the part of the reader We have not 
discussed the theory of the subject, since t } 
neurology, neither have we reviewed the modified tests } 

The paper is intended to be read in conjunction with works pul 
lished or forthcoming by Dr. Head and Dr. Fearnsides and ourselves 
and references to cases are constantl made by means t Ina numbers } 
which remain the same throughout all these papers 

We desire to record our indebtedness to Professor Bulloch, whose 


influence, we hope het be detected throughout 


CHAPTER 1.—-THE TECHNIQUE OF THE WASSERMANN REACTION 


Since the inception of the idea of the Wassermann reaction 
numerous modifications have been suggested with a view to sim 
tion and improvement The simplitied methods have usuall ed to 
the introduction of relatively fundamental alterations, and have onl 
enjoved a vogue when the original method has been inconvenient o 
looked upon as tedious. On the other hand, notable improvements in 
detail upon the original description have been suggested, and adopted 


more or less universally after laborious justification. A reduction in 
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he absolute quantity of the reagents is now general. 


LVe 
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Watery antigens 


been replaced almost entirely by alcoholic or other extracts, and 


e original severity of the controls for the antigen and other reagents 


s long been lightened. 


These 


improvements do not, 


of course, enjoy 


versal recognition, and therefore it is found that the technique 
lopted by one observer commonly differs from that of another, and 
this manner a certain diversity of result is inevitable. It has been 
vgested that Commission should inquire into and adjudicate upon 
e most suitable technique to adopt, but unfortunately there is no 
lity in medicine, and the selected method would soon be surpassed, 
nadeed, Vas eve l Ce ple I 
\s the result of the variety in the technique, the mere statement 
it a particular ** Wasserma react Ss nevative insufficient 
fore e va wh aw lyse ition can be appreciated, it is 
sent he metl | Which it has been arrived at, and 
e genera ilts which tl meth isuall eld We, therefore, 
by ur techniq n full 
t 
l'} re nt equired in the performances f th Wassermann 
I al S 
| Antics 
2) Ser ) rebrospinal tluid be tested 
( Liple ( 
1) Ha ¢ amiboce 
) 3 i ( pu ( 
( : es il ! 
l ye 
iver since theearhest days of e Wassermann reaction, discussion 
centred round the antigen, n only trom the point of view of 
ning hie efficient pre paration, but iso of inquiring into 
iltin nature of the reaction 
[he b that tl intera mn the ant n and syphilitic serum 
presented a true antigen-antibod mnbination was early shaken by 
demonstration | Marie and lLevadit 30) that an extract of a 
wmial liver could replace an extract of a syphilitic liver in the reaction 
This discovery was again followed by the independent observations of 
l.andsteiner, Miiller and Poétz 20\), Porges and Meier 1) and 
lL.evaditi and Yamanouchi | 22 Which showed that the Wassermann 
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‘antigen’ differed from most true antigens in being soluble in alcoho! 












and was presumably of the nature of a lipoid. 

From this time dated the attempts to replace the complicated orean- 
extracts with pure solutions of lipoids. Porges and Meier were the first 
to use alcoholic solutions of lecithin with advantage. Levaditi and 
Yamanouchi found sodium taurocholate and glycocholate to be possessed 
of antigenic value, and to a less extent lecithin. These last observe 
found cholesterin to be without ettect Hans Sachs | 50) then, in cor 
junction with Altmann, entered the experimental field with sodium 


oleate, and later, with Rondoni | 52, introduced the artificial mixtu 


of lecithin, sodium oleate, oleic acid, and alcoh his mixture vy 
tested by Faechini | 13), and Eisenberg and Nitscl I2', and foun 


























to give satistactol results 
No 


from aleoholi 








solution and precipitation In tl way he separated the non-specit 
inhibiting and hmimolvtie substances from. thi ntige! nstituent 
[hese latter, consisting moa of lecithin, were be ind in th } 
acetone-insoluble fraction | s work W continued l Live ssistal 
of Bronfenbrenner | 37 

A notable advance was then made | whine, Cruickshank 


Mackenzie |7 and &8!, who found that, thoue!l holestet ilone had 1 } 


antigenic etlect, m tures ol | thin and cholestern Ay particula 

specific reaction With s pl litic sel | 
These authors have laid it down thatif the addit esteri ) 

s capabl f increasing tl juantit ( d | 

the amount absorbed D\ lecithin ne. t ; ! ndieation§ of 

syphilitic nature of the serum used } 


While the study of isolated constituents ot 
proceed nv, attention was aiso directed t ( ice extract i various 


animal tissues. The aleohohe extract of ) lt ver Was of course ) 


widely used, but, owing to the variation in tl juality of different 
samples, fell into disfavour in many quarters sandsteiner, Miller ar 
Pétzl introduced alcoholic extracts of guinea-pig heart, and Michaelis| 32 


human heart. ‘This last was thoroughly tested by Thomsen | 55 
Boas, and is used as a routine in the Statens Seruminstitut at Copen 
hagen. A slight modification by Lesser | 21 utilized a watery emulsion 
of the residue obtained by evaporating an ether-extract of human heart 
This antigen has been found by Dembowski |10| to be better than 


simple alcoholic extract of heart or an extract of syphilitic liver 
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Acetone extracts of dried orevans have been sucos’ sted by Kolle and 


The latest notable advance in the preparation of antigens has been 


e suggestion of Hans Sachs 19 to combine the alcohol extracts of 


nimal cans With cholesterin, thus utilizing the increased ettect of this 
bstanc demonstrated by Browning, Cruickshank and Mackenzie 
he dad f cholest n to extracts ! ns wa found by Sachs 
nal } } ‘ ) ) at } ot lan seat , ; : 
( GOW | ( weve Insatista ory wione, Wi prop Lit ( jual Lo 
se POSSE a the best svpl tic extracts he n tures had the 
ntace L iM ( Ihe } a ba LE1¢ n ul ! ted amount 
, ‘ +] 
| l l t Cul 1 W ¢ 
cle j Lii¢ l usiIne 
) Dim 


! 4 rit ntivel ve 14 
} Ver-iLnt re] 
, ‘ ii) n re than 


| } [ patient itnout 
} I } t W bili more 
i) i 
Tl) f 1 ntice v further particularly apparent in 
| I entral nery : tel ung “ parasyphil l“ifteen 
j n filty- f these sera gave positive results with heart-cholesterin when 
extract ! iti Sil se) 1 thirty-one were 
pos ( t I rt Hoieste ! el } tic Hy cave a ne itive re- 
ction The poorest results were obtained with lecithin-cholesterin. 


cerebrospinal fluid however, the lecithin-cholesterin 
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antigen wave slightly better results than syphilitic liver or heart, but not 
so good as heart-cholesterin, six being negative out of twenty-one, whe 
heart-cholesterin was positive. 

It must be clearly understood that these figures only denote thi 
results obtained on the actual samples tested, and have no bearing upor 
the relative results which might be obtained with the ditferent antiger 
in other collections of cases. It may be stated that the most oby 
differences were encountered in cases of “cerebral syphilis,” and s 
much was this the case that we were compelled to discard a numbe 
of tests which had been carried out with heart-antigen for this present 
investigation and to start de novo. Whenever the Wassermann react 
is referred to in this series of papers, the use of heart-cholesteri 
antigen is implied. 


Another highly important advantage of the heart-cholesterin anti 


lies in its invariability as demonstrated by us | 28 t has been held 
very generally, especially in Germany, that a complete quantitati 
titration of a serum in the reaction is of little valne ving to the creat 
error introduced, especially by the variation in ntige! We hav 
however, always applied this procedure, and particularly after the work 
of Thomsen and boas demonstrated its exactitude when using he 
antigen. In practice, however, it was evident that some sampl 
heart-antigen varied, but this variation appeared to be almost 
eliminated by the addition of cholesterin. Thus we have always fom 


that a quantitative estimation Inay be cari ed out with ertirely ditterent 
reagents and antigens at different times with a ver smnall maren 


ot error (v de p OD 


sypl 


O-O75 

0-052 4 i 

0-042 l | l | j l 
O-U31 j 

0-023 

O-O1LT 
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Since various samples of heart-cholesterin antigen of equal value can 
idily be prepared, it follows that this factor at least presents no 
ficulty u quantitative estimation. 

The heart-cholesterin antigen is prepared in the following way 

Obtain fresh human heart and remove from it the muscular 

tions of the left ventricle free from fat. It is immaterial whethei 

heart is diseased or not. The muscle is then passed through a 

‘Ing ne and 10 grm. of the mince are ground up with 90 c.c 


ibsolute aleohol for a short time with clean sand. The whole is 


transferred to a stoppered bottle and shaken for one and a half 


na shaker” at room temperature Finally, filter through paper 


yresery n the ice-chest The heart extract should be kept for 


el before it is first used and filtered again if a precipitate 
! n the cold. Ina well-stoppered bottle this antigen should keep 
th est for six months. A 1 per cent. solution of cholesterin 
thibaum n absolute alcohol is also made up. It will be necessary 
ipply heat and thorough shaking to obtain complete solution hon 
n tl tion three parts of the heart-extract are mixed with two 

s lesterin solution. 
As me ago by Sachs and Rondoni |53|, the method of 
ition of tigens 1s important in order to obtain the best results in 
us Generally they should be mixed with the saline slowly 
iproved etfect is not present with every serum tested but in some 
. Ss Ve marked. With our heart-cholesterin antigen, however, 
method of mixing does not appear to have much effect upon the 
tigenic properties, though it is usually found that rapid mixing is 
effica is. Thus this antigen should always be placed in a large 





ube and the requisite quantity of saline added suddenly 


rt-cholesterin antigen approximating to our formula has been 


Walker and Swift | 58 These authors have contirmed ou 


statements as to its properties in every particular, and they arrived at 


rie clusions by independent lines of investigation In addition 


have « ted the fact that guinea-pig’s heart is of equal value to 


1 heart in the preparation of the mixture, and thus have intro- 

modification which under certain circumstances may be con- 

1 The results of Walker and Swift confirm our belief that an 
} 


n such as we have described is an essential for the successful 


reaction. 
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the patient’s thumb according to the well-known technique elaborated 


by A. 


KE. Wright. 
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s lhe right hand of tl 
the patient himself or b 
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ng |5 mm. diameter and 18 in. (about 45 em.) long | is wound round 
right thumb from the base to the joint. The first turn of th 
7 is locked by the second (see tig. 2), and the last is secured by thi 
tor’s left index-finger placed on the pulp of the patient’s thumb 
perator’s thumb being placed against the patient’s knuckle, thus 
ssing Uistal phalanx of the thumb 
ieee 
Ne, oo i 
} (7 A 
/\ : =~ 
| Ae Pc ie 
a sg y | , 
/ 
J a, 
; | - 
| 
— || 
Bins / 
} ——— 
; 
t t! } nt nd d by «¢ es 
j pol i ne | ippel ! hich 1 i by 
i be al ed ( 
I } l i The rved end Cupsule 
" : D \ that the bod the 
‘ nt | then ru n by vravit | » 
ed | : upsule When no more can 
| pres wiped awa the irniquet 
ved and ‘ l { until the capsule is two-thirds 
It is \ ry ft puncture t thuml second 
} Dur peration t] psule may be placed on the tabl 
the short | | the ent ng end pointing upwards. 
| In the case ot full- Le ndividual the requisite quantity of 
dd may be ed at one application of the tourniquet, but others 
require four or five When the capsule is two-thirds full the 
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straight end is sealed in a flame and, after clo 
s shaken down into the close: 


blood 3} 
The clot 


centrifuging 


is separated from 
the curved en 
The tube 1s 


minute 


ind the 


i 


there is no difference of opinion as 


With the cerebrospinal fluid, howeve1 


have alwavs used this fluid 
So far as concerns the neurologi 
have been un 


Wassermann reaction, we 
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“active rive a positive Wassermann react 


instances ven b ind | 


We have te und 
Noguchi and have 
vith latent syphilis 


\V 


tains more non-specific 
Nevertheless, we are 

sp cific reacting b di 

idmit that the Wassermann body 
1 marked extent as is usually state 
In order to test the matter m« 
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dy as found in the cerebrospinal fluid, since in this way 


issociated with the complex constituents of serum may be 


‘cerebrospinal fluid contains none of the non-specific 


s present in an unheated serum 
n dementia paralytica and tabes dorsalis heat 


} 


the streneth of the reaction as found in the 





n acute intective 
ant -sheep heemolvsins 
ment In dementia pat 
present d the ambocept 
vested this phenomenon 
dementia paralytica 
the cerebrospinal {] 
In our view the 
syphilitic or not, 
ipproximMate more 
cases (dementia paral 
body of the serum will 
the cute syph | tic le SIOl 
use of unheated cerebrospinal fluid 
particular will determine a stronge) 
no doubt, this stronger reaction will be 


as in the case of unheated serum, but 


is negligible. An unheated cerebrospinal 
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Wassermann reaction except in a case of syphilis of the central nervo 
stem, and, therefore, inactivation of this fluid should not be carried out 
We have no doubt that neglect of this precaution has occasioned 


e of the poor results recorded by those who follow the onal 
] 


It is not possible, however, to determine exactly to what extent this 
turbing factor is present wing to the absence of technical data in 
pub ed papers, and to the use of loose expressions as to the 
einal method” in ust The ** original method,” lescribed 
the re thority Plaut bs requires the use jueoUs 

t of philitic lives nd inactivation of the cerebrospinal tluid 

r. on the other hand, who has also beer tec 


ebi fluid braucht nicht inaktiviert 1 erde (le \ 
re, thr ise of the expression “* original method nve i 
| 
ent meaning in the writings of different observers 


he us f unheated cerebrospinal fluid increases the reacting powet 


ibstance in many cases, but at the same time it puts an end 1 
parison between the strength of the reaction in the heated 
mand the unheated cerebrospinal fluid. This factor ist not be 


sight of throughout t] paper, as, also, the fact that twice much 
uid as serum Is always used. 
l juantity of test fluids.—In addition to the question of heat 
ch variety in practice is found relating to the quantit f cerebro- 
pinal tluid used in the test \Mlost observers use the “ne amount of 


erun n proportion to the other constituents In the o rina eaction 


Or? cx f cerebrospinal fluid was used in a total volume of 3 ¢.c. in the 
Kation stag It was soon found, however, that more fluid could be 
d without endangering the result; thus Boas and Lind 6) used 


Ov4 n volume of 3 ¢.c., and we have alway sed naximun 
r US na volume of 1 c.c. Latterly much attention has been 
lireeted neurological circles to the quantitative method (° Auswert 
nesmethod f Hauptmann and Hosshi (|17|, the chief object of 


Which is to use still large quant ties. Ihe se observers sé l Pyyuda 
f 10 ¢.c. of cerebrospinal fluid in 3 c¢.ec. instead of O'? that is to 
iv, rather less than twice as much as we have used five-fold 
] + ] i + , ] 
ncrease in the quantity of fluid gave greatly improved results iv. also 


titz and Sacl $8), but it is doubtful whether this increase is of 
so much value as is claimed for it. It must be pointed that the 
results previously obtained by Hauptmann, notabl n tab lorsal 


were ver\ much interior to the results obtained by man thers isihg 
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} 


the same small quantities of fluid; and thus the improvement observe: 
by Hauptmann will not be observed to such a marked extent by others 
The causes of this diversity are not quite clear, and since we ar 
unacquainted with any full account of Hauptmann’s technique, th 
part played, for instance, by diversity of antigens, cannot be estimated 
Some objection has been made to the use of thes Lee quantities, tl 


sununation of non-specific anticomplementary action (* Eigenhemmuneg 


is likely to occur, but we have never observed the slightest tenden 
to * Kigenhemmung ” when using cerebrospinal fluid in any quantit 
(Jia futive estimat WS, In ever\ Cine the sera and cerebre spi 
fluids were estimated quantitatively for their content of reacting i] 
stance It has alwavs been ow practice lé mnake the PUAN titative 
estimate by varving the amount of serum in the presence of con 
amounts of antigen and complement | 25 The maximum quant 
seruh used was O'] C4... and this yuantit Was halved tour 1 ( 
producing the following range: O'l c.c., 0°05 ¢.c., 0'025 ¢.c., O12 c.c., a 
OOO6 ce. We ha described the result according to the ar int wl 
produced complete inhibition of heemolysis If complete inhibit l 


I | 
mann } tion, and 4 + +4 S es of inhibition les : 
1) ve present t Valli i a rum as LOW 

\"} fleure that O'1 cx and O'OS5 ‘ )} ed moyplet 


UU 


In a similar manner in the case of the cerebrospinal thuid we ma 


bd 


1.0, and since we have nearly always tested the serm 
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It is often held, particularly in Germany, that the factors involved 
n the reaction are so complicated and variable that no accurate 


station can be made of two samples of serum unless they are 


sted tovet] it the same time. Undoubtedly such a method is best, 
when t sample is taken from the same patient at different times, 
not applicable We have always found that our technique is 
ficient A juantitative purposes. When each successive 
ntity s half the former, as suggested, it is quite easy to 


btain satisfactor esults We have tested the same material five 


th different reagents, and have obtained the same 
/ } f Cerebro pu al fluid (Case 189) unheated and kept 
14.0 
( } 
| ! l is tl l l a guinea-pig Th iniimna! 
throat it witl ra the blood caucht 
insferred t conical vessel, herem 
pp | I 1 is next centrifuged and the serum removed It 
n the same da 
rv t met l of freezing, guinea-pig serum may apparently be 
but this introduces a factor which is not vet 
The serum 1s placed na class « ipsule ind then 
mos” tlask with freezing 1 ture (salt and ie 
Tlevy liptic Lae/ epto) 
1" \ ep-rabbit amboceptor having a minimal hemolyti 
\I.H.D winging from O'OO0S to O'OV005 c. is regards 0'5 c.¢ of 
) pel l heep’s corpuscle s ispension, in the presence ot O'l ce. of 
olp ed 1 in 2 


Whatever the technique of preparation emploved, the production of 
lita mboceptor is always a matter of chance and _ therefor 
vera ibbits should be injected at the same time When sufficient 
titre is been attained, the animal is bled aseptically, the serum 
llected and preserved in small capsules Samples are removed from 
these capsules for use when required. The amboceptor retains its 


inv months 















hes wer obtained tron [ Heep \ 


collection at the slauchte ise does not entail ai ' 
the blood will remain in a satisfactory condition f 
according to the efticieney of the ice-chest in u 

On each test da some of t blood 
removed and the deposit i tl 


Erapote INntivce seri I el S 
ill the reagents 
We take as our constant the han tic ambocept neth of } 
which, having once been estimated, does not va ») It ha } 
been stated and ippears t » be generally held that 
is not a constant quantity, since it dependent ww 


complement present during its estimation TI lt 


when dealing with ox corpuscles, but with thos« { 
been unable to contirm the statement With th the 
quantity of complement, presuming that excess 


have a great effect upon the siz { ‘un | j 


ACTION 


1 to each, and, finally, 0°: 
puscles. The total volm 
Kited ni the water-bat 


Wassermann test 
least two samples 
~ ol ¢ pielre 
not ssa 
] + 
veral 1 l 
( ; 
liplelue S all 
) ne puantit 
Old « OL 75 
U 4 The \ ( 
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1) 1) EeEnto) } () 
| went r) 1) 
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l ! plement 
ll ld be diseard 
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\\ rmiann re tion (2 

t Will bD round t 

iv Oe? er O?5 ce. 


therefore, it is 


practice, 


When 


makine the 


AND ITs AP 


re +] 
antigen for the 


9¢.c. of ad per cent 

ne is 1d c.c. This 
at 37° C. for twer 
such dos r thi 
This standardizat 

ft guinea-pig serum 

! presen Wh 
to re-es ite the 


Which does not fully hamolvse 
d The standardization of th 
y dav with tl ictual suspension 
ranged that the requisite 
M.H.D.) is contained in 0°5 ¢ 

it if the M.H.D. of the 1 in 24 
rU's Cc. t will b hecessiil 
4,3 we 24, Tim 8,4 l in 16 


lesterin 
the methods 
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first 


desirable to control the technique of pre 
n The method adopted is to standardize a 
ntary effect in the absence of syphilitic 
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is well 





known certain of the constituents of the antigen have wa 


inherent destructive etfect upon complement, quite tpart trom the 



















power of “fixation” in the presence of syphilitic serum Th ' 
‘anticomplementary ” effect is the chief factor which determines the 

amount of antigen to be used in the test, since too great a quant 

would leave too little complement free to participate in the specifi 

reaction. ‘The anticomplementary action of many antigens varies i 


different samples, and thus the quantity selected for use wil 


~ 


Without regard to the true “‘ antigenic”’ value of the extract In the 
case of our antigen, however, the anticomplementary actior f different 
samples is equal | 25}, as also is the antigenic, and thus standardization 
by anticomplementary effect will always furnish a reagent of constant 


value. We determine the ‘completely inhibiting dos of the antige) 
and then select a certain fraction of this which will ve a sufficient , 
margin of safety We therefore utilize in the reactio ne quarter of 


that quantity which will alone produce complete inhibition of heeamolys 


after being incubated for one hour with the compk nt in the 
incubator. It will be found that twice this quantity, that is one half of } 
the “completely inhibiting dose” will just permut of plete han } 


With our own methods of preparation the quant 





0°5 ec.c. of the 1 in 4 dilution is the smallest nt \ Ly 
complete inhibition, therefore 0°5 c.c. of a Ll in 16 dilution should | 
used. Actually we utilize 0°5 ¢.c. of a 1 in 15 dilution I’ trong 
solution (1 in 2) produces hemolysis, owing to the hwemolyt iction 


soaps and alcohol It will be noticed that double the test yuantityv, 


05 c.c. of a 1 in 8 dilution permits of complete hamolys 
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' 7 oo 
Serum or ¢ eredvrospinal Fluid 


\s already stated, O'l c.c. of heated serum is the maximum quantity 
d, while 50 per cent. dilutions are prepared from it. The method is 
follows: Ol ¢.c. is measured into the first tube by the method of 
donald 11 ),using drops. Glass pipettes are calibrated by passing them 


ugh particular holes in a wire gauge plate until they are held firmly; 


} } 


are then cut off flush with the plate and it is found that pipettes 
ide in the same hole will drop the same number of drops per cubic 
ntimetre when the instrument is held in the same position We use 


No. 53 in the Stubbs wire gauge plate, and find that a pipette mad 


= I 


such a manner will furnish O'l ¢.c. of serum in four drops when held 
tically. Thus our quantities of serum are prepared as follow 
0 
Oro ) 
{ Mis i } Sa i 
ou ving cerebrospinal fluid, we use the same pipet ithough 
s introduces a trifling error, owing to the different hace tension ol 
; , 
We do not in a case trouble to make the total v mes equal with 
ne, since the difference in bulk is of no consequence 
| \ I \ GEMENTS PO } | 
The requisite quantities of the reagents for the day's tests are 
lculated as follows 
\ssume that 20 sera are to be tested Keach serum will require five 
tigen tubes and one control without antigen—six tubes in all The 
nsitized emulsion of corpuscles is first arranged 6 x 2 120 


per tubs TI = ] (ie ip as 
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Th s will provide ad per cent. corpuscle suspension, every OD e.c. ol 


which will contain the correct quantity (8 M.H.D.) of ambocept 


The amboceptor is added first to the saline and then 


tube th 
In practice it is usual to make up a 


puscles. Shake thoroughly. 


excess of all reagents. 


The 4 
{ suspension, and while this 


SeNSsItIzed 


ext operation is to standard 


Is prepared j follows 


are to be tested, 100 


If twenty a 


DU Cc.e fan n OD c.e. per 


cholesterin 1s diluted 1 in 15 


bined antigen will be 
The dilution is therefore 


irt-extraect and chole 


therefor 
used in 
centimetres ol 
tubes, thus 
prepared 
d complet 


s uade 


ol the every 


out antigel 


contro} 
complement sh 
up the bulk in the absence 


of 1 in 38 complement, that i 


l C.c. Ol this Is adae | to every 


is 


Suitable test-tubes measure 4 1°64 em.), and 
They are arranged in mi 


longs to one patient, the 


of stout glass 
Each row of six belongs 1 


four groups of six 
containing antigen and the sixth being a control 
in the back hye Vie 


tubes, both in the front row and also 


It is desirable 
— 


Wed 


¢ 


rv per 
COr- 


sina 


s holding twenty-fo 


and read 





WASSERMANN REACTION AND ITS APPLICATION TO NEUROLOGY 215 
tt from one side only, i.e., the front, which should be indicated by a 
lett and right hand of the rack is thus kept constant 

lity to confusion when filling in the reagents. 
all sera first and then the complement with and 


are shaken and put into the air incubator at 
| 


the complement in the first 
proceeds best at a temperature ol 
others clann that the temperature 


We hav been unable to detect 
ver Incubation in air at 37° C.: on 
m somewhat inferior It will be 
‘tubator at 37 does not reach this 

therefor uch a method = really 
for much of the period. 

the statements regarding 

1 experimental errors, and 
“uses ab room telnperature 

They therefore suggest 

oom temperature followed by 


Probably the method used by 


———  neeeeemmemmemmemmmmmmmmmmmmmmneees snes 


i" 


ar 
: 


After fixation 1e sensitized emulsion is added and the tubes are 


then placed in water at 57 C. The water- 
15 


vaken ack are 
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bath is economical of time, since twenty minutes is about equivalent 
sixty minutes in the air incubator. After the lapse of twenty minut 
the racks are taken out and the results read off, or, to facilitate t) 
recognition of small degrees of hemolysis, they are first allowed 
stand for one hour for the corpuscles partially to settle down. 

No special provision is made for known syphilitic and non-syphilit 
controls because such are always present in a large series 

It will be noticed that our “ controls”’ differ from those used 
the “ original technique.” 

According to the original account it was necessary to show that tw 
the test quantity of antigen permitted complete hiemolysis Wi 
only one dose of antigen as control, nevertheless from long experie! 
we have found that twice our antigen dose will permit of haemo! 
and since our antigen, unlike syphilitic liver-antigens, is not varial 
there is no danger in this procedure. Further, the double antige: 
control is now given up by most followers of the original method 


is the practice to use a larger quantity of antigen in the test, and t] 


quantity will not permit of hemolysis in double dos Thus it is cl 


be cehnique Is * safer. 


j 


that so far as antigen 1s concerned our 
Further, it is the general practice to control the * Kigenhemmune 
of the serum and cerebrospinal thuid by “double dose controls \ 
we have already pointed out, however, this is quite unnecessary in t] 
ease of the cerebrospinal fluid It is true that serum shows n 
‘Eigenhemmung ”’ than cerebrospinal fluid, in practice when dé 


+ 


ing with fresh, sterile, and quickly heated serum, “ Kigenhemmun: 


is very seldom seen. We control the phenomenon by 
velocity of the reaction, that is to sav, 1f we find a case in 
single dose of serum does not rapidly h | iolvse, Wwe look upon the 
With suspicion. 
ReESI 
In the great majority of cases It WI found that 
0.0.0.0.0 


hemolysis has occurred in ever 


: 1.1.0.0.0 
tubes there is a complete inhibition, thus 


however, be found in which inhibition is present in the first tul 
3.0.0.0.0 2? 0.0.0.0 1.0.0.0.0 


although it Is not complete ol and tl 


juestion arises as to Whether these cases are to be reported positive or 1 
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Mf — 3.0.0.0.0 b ; 
he figure represents [roma trace to 25 pe r cent.of hxeimolvsis 


2? 0.0.0.0. “i a 
25 to 50 per cent 


1.0.0.0.0 - 7 = 
DU to (9 per ce an 


While it is safer to restrict the term “ positive reaction ” to complete 


; : ; £.0.0.0.0 ee 
Oltions in the first tube » nevertheless, in practice, we also 


ide slight degrees of hemolysis up to 25 per cent. under this heading, 

ind have not observed any error in diagnosis by so doing: this 

be said to be the general practice with regard to the Wassermann 

When, however, the greater degrees of haemolvsis 2.0.0.0.0. or 

0.0.0. are considered, it is necessary to take into account two 
rent conditions 


Firstly, whether it is known to the tester that the serum has reacted 


tively in his hands on forme ceasion, or whether he S ignorant 
he antecedents of the cas In general diagnostic work, when 
ng is known about a erum, it would be extremel inwise to pas 
ttention to results shown as 2.0.0.0.0. or 1.0.0.0.0., since there are 
l nol yhilit ‘conditions which may give this amount 
bition, notably some cases of febrile tuberculosis, or pneumonia If 
vever, the serum is known to have been positive on a former occasion 


of importance to re wd these slight results, since they then indicate 


the yp lit pat ent has Lot et a completel) negative reaction 

W ll, | se, | observed const iuntly n all case ol “Vp! lis inde 

iment at some period, and no patient can be looked upon as “ cured 
1 result Dtarned 


We therefore hold that from the strict serological standpoint 2.0.0.0.0 


1.0.0.0.0. have no d nostic significance, but nevertheless, may be 


rtant from the point of view of treatinent 


PTE II rt OCCURRENCE OF THE WASSERMANN REACTION 


DUCTIO 
Vie diagnostic value of a biological test depends largely upon the 
ency with which a positive result may be expected Some reaction 
el) posit ve may be decis ve, but they may be so se ldom positive that 
rreat deal of their practical utility 1s lost Vhejvalue of a test is much 


reased if it is found to be positive so frequentl in undoubted 
unples of the particular condition that a negative result assumes a 


tain value 
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large extent upon the constancy of its oce 
admitted that a positive result is, within 

of syphilis, it does not of course follow that 
this disease Numerous cases of undoul 


} } } ] 


Which the reaction has been nevative Io) 


of the serolovist 






ulwavs found t 
work, 
of clinicians of varving experience and 


nvestigat 








hand, are obtained when the sera emanate f 
- excellence and in particular when the diag1 
investigation of the case along lines suggest 

Owine to the above considerations an « 

does not throw much light upon the quest 


reaction. It is usually found that if thi 


the details of the cases are entered into, the 


in an entirely uncritical manner. 


INICAL 


rrence 


neat 
ted S \ 
U 


i \ 


N It therefore clear that a nevative rea 
Ss }u 1} s | esult merel Lroduce Rf rla 
this diagnosis, and the improbability will b eat 
the tre puen With which nevative reactions re 
( f syphilis A necatiy ie I ! t 
extreme rare, and theretore a d 
ff this result will be extremels } bat () 
results are 1 ynmon in tel rv svphil 
a Onos li 1 mwa Line ( at Ve 
probability than in secondat 

his ( | reasoning, however, pre 
Obl l {tb fe nt pparentl col] ! } 
but a short stud { e literature f 
the case thus one investigato iv tind 60 ] 
svphil P tive, whil not l ft LOO 
clear, therefore, that the avera results ol ! 
tester must be known before the va { S me 
Wppres ated 

The reputation of the Wassermann reaction dex 

the accuracy of the technique emplove nd 


m ol the Occ! 
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9 


there is no reference to the accuracy of the clinic: 
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Thus the diagnostic value of the Wassermann reaction depends 
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er to avoid this error as far as possible in the present case, 
s append to the serological result a reference to a full clinical study 
e patient, and, on the other hand, we have given a full account of 


ethods by which we have arrived at this result. 


THE Oc LEN( IN GENERAL DIAGNOSTIC Wor 


general index of the results obtained by our particular tecl 
the following tigures may be quoted. They represent the routin 
out in cases of eneral syphilis excluding nervous con- 
1} ( nstance the Wagnos Wis described s be ne 
ill ‘ertain ind in. the oreab majority this was the personal 


Dr. J. H. Sequeira, dermatologist to the London Hospital 


SVP tic treatment had not been practised to any great extent 
) 
ee 
I l \ I 
( "y 
I , ") 7 
i ' ‘ 


se result re comparable with those published by Boas, an 
strate the very high degree of accuracy attained by the Wasse: 
reaction the present time It is clear that a diagnosis of 
ph | nm tne bsence ol pP sitive reaction vill ove pur Vel 
il support belore t can be considered probable As revards the 
ticity of the reaction, we have only found one non-syphilitic 
dual giving a positive result in recent years i case of acute 
L. twenty-iour hou iter a rigor Other cases of malaria. 
X&c., have given negative reactions. We have had no expe 
of searlet fever recent] though formerly we have deseribed 
ng positiy results 
OCCURRENCE IN SYPHILIS OF THE CENTRAL NERVOUS Syst! 


| naer this headin we d SCUSS the incidence ol the \\ tssermnann 


tion not only in cases of cerebrospinal syphilis but also in th 
‘alled * parasyphilitic ” conditions. The classification follows the 


lly accepted clinical demarcations, but it must be stated at once 


it such demarecations are not absolute. There are so many instance 








220 ORIGINAL ARTICLES AND CLINICAL CASES 


of transitional forms not only between dementia paralytica and tal 
dorsalis, but also between these * parasyphilitic”” states and admitt 
‘cerebrospinal syphilis,” that too much importance should not 
directed to exceptions to any “rules”’ which may be evolved 

The reports in the literature on the Wassermann re: 
neurological cases are extremely variable, and frequently refe: 
to asylum patients. Relatively little attention 
study of nerve lesions as found in general 

We have classified our results under the 

(1) Dementia paralytica, including the transitional 
paralysis 


(2) ‘labes dorsalis, inecludine those cases assoc 


trophy, amyotrophy, and Erb’s degeneration 


4) Cerebrospinal syphilis, subdivided into tw 
a) Those cases in which ther 
of the spinal cord with o1 


Those. cases in which the brain on 


Deme 


According to an examination of the 


} 


already published by us [25], 98 per 

paralytica give a positive reaction in the seru 

the cerebrospinal fluid. Although these tigures denot 

tion of cases positive, the results obtained by the best 

present time give a considerably hiche: proportion, espec illy as regva 
the cerebrospinal fluid. Thus Plaut | 42) deseril 

320 sera, practically 100 per cent. positive 

fluids nine were negative, or 96 per cent. po 


Being confined entirely to hospital cases, our results 


ive relativelv few Both the serum and cerebrospina 
positive in twenty cases. From such findings it 
in these conditions almost always give a positive r 
spinal fluid is negative as an abnormality only. W 
for instance by Nabarro |34! or bv Wirchbereg 
dementia paralytica frequently give a negative 
supposed that some abnormal factor is operating in 
for this result 
If the following table be studied, it will be noticed that the cerebi 
spinal fluid very seldom, if ever, gives a stronger reaction than tl 


serum, In particular when it is remembered that the fluid is used 
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ible quantity and is unheated; thus, since it nearly always reacts 
ss strongly, it will tend to give a negative reaction in rare cases more 
ten than the serum, as is indicated by the published figures. Another 


tor which probably ensures a more frequent negative reaction in the 


rebrospinal fluid is an incorrect diagnosis. It will be allowed that if 
possible to confuse certain cases of syphilitic vascular disease with 
lentia paralytica, this will account for a negative reaction in the 
ebrospinal fluid, while the serum will still be positive, since both 
nditions are syphilitic. In this connexion the work of Candler |9 
vreat interest. In 1909, with Henderson Smith, he tested the 
ebrospinal fluid of a number of ‘ general paralytics ”’; seventy-five 
these have now died, and have been examined hight cases gave 
rative reactions during life, and thus only 89 per cent. were positive 
at the autopsy it was found that six of the negative cases were not 
neral paralytics’’; thus in actual fact they had obtained a_per- 
ntage of 97 positive This example not only illustrates the fallacies 
ited with the statistical method in medicine, but also the great 
Ity encountered in the diagnosis of dementia paralytica even 


the most expert 
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(2) Tabes Dorsalis, A 


In a former study of the literature (1907-1909 
63 per cent. of cases of tabes dorsalis gave a positive reac 
serum and 32 per cent. in the cerebrospinal fluid. Thes 


indicate that a positive reaction in both fluids is less « 


dementia paralytica and that the c¢ rebrospinal fluid 


reaction in a large number of cases. Variety ol 
responsible for divergent results to a larger ex 
paralytica; thus in 1909 Nonne |38| described 
the cerebrospinal fluid, while in 1911 39 |, he 
only positive when using the ordinary test quantities 
increased amounts of the ‘* Auswertunesmethode,” he obt 
LOO per cent. 

The literature dealing with tabes dorsalis 
of dementia paralytica, and in many instance 
examined 

Our results have been as follows 


THE [net 
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Of the twenty-four cases shown above, two were negative in both 
un and cerebrospinal fluid (Nos. 83 and 144), while No. 117 was 
gative in the serum and positive in the cerebrospinal fluid 


On reference to the accounts it will be found that the disease in the 


o negative cases (Nos. 83 and 144) was quite stationary, although 


No. 83 had recently developed a Charcot kne This condition is, how- 
usually looked upon as trophic and at any rate does not indicate thi 
resence of an active syphilitic lesion It is probable that in this case 
syphilitic process was practically extinct, and in support of this 
s the fact that no exacerbation of the reaction occurred after an 
yection of neo-salvarsan \s regards No. 144 the condition had been 
nary for two vears and much anti-syphilitic treatment had 


ippli | In his case, however, the syphilitic process cannot he 
d upon as extinct since an injection of neo-salvarsan produced a 
marked ** provocative reaction.” 

This “ provocative reaction” was not obtarmed in the cere brospinal 
nd from this fact we conclude that the syphilitic focus which gave 
to it was not “ tabetic ~ since in this case we should have expected 


leakave nto the cere brospinal fluid 


On the other hand, the negative reaction in the serum of No. 117 
the positive in the cerebrospinal fluid suggests that active 
ns in this case were situated in the central nervous system only 


he case further supports our contention that the cerebrospinal fluid is 
latively stagnant and that substances tend to accumulate in it without 
issing into the general circulation alone the “ lvinphatic colnmunica 


Is Us iall\ deseribe | 














The number of cases deseribed is small (24), but it is seen that thre 

itive reactions occurred in the serum and two in the cerebrospinal 
d. ‘These results are consistent with a positive percentage in the serum 
SS and 92 in the cerebrospinal fluid In tabe dorsalis, however, it 


r that the figures are complicated by factors which pre bably do not 


ftect dementia paralytica so much. Natural variations in the intensity 
f the disease or the effects of treatment bear upon the serological result 
is already clearly shown by Boas |5| in the case of serum. Thus when 
he reaction is used as a help in the diagnosis of tabes dorsalis, it is 


sential to notice the activity or otherwise of the disease and also the 
surrence of anti-syphilitic treatment,and further, since the reaction may 
negative in the serum and positive in the cerebrospinal fluid, it is not 
nough to examine the former alone. 


\s regards the strength of the reaction in tabes dorsalis, in particular 
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in the cerebrospinal fluid, it is seen that this on the whole tends to be less 
than in dementia paralytica, but if it is admitted that weak reactions ar 
common (c.f. Nos. 23, 27, 46, 70), 1t must also be allowed that strong 
reactions are also frequent. We cannot altogether agree with Nonne | 59) 
therefore when he states that a strong reaction in the cerebrospinal 
Huid suggests a“ great probability of paralysis or tabo-paralysis 
“much less often” of a pure tabes In our opinion the ditference ts 
Inconstant to be of diagnostic importance Nevertheless a feeble reaction 
in the cerebrospinal fluid is considerably more common in tabes dorsalis 
than in dementia paralytica as is also the occurrence of a_ posit 


reaction in the cerebrospinal fluid associated with a negative ! 


the serum In fact it is probable that this combination never oceurs in 


dementia paralytica 


4 ( cerebrospinal Si} 


The occurrence of the Wassermann reaction in cerebrospina 
syphilis has presented problems of the greatest interest 


In the early days of the reaction as applied to neurology, it wa 


generally held that it was not found in the cerebrospinal fluid of thesé 


} 


cases and, indeed, a positive reaction in this fluid was held to be strong 
evidence of “ parasyphilis”; thus Mott introduced a Il support 
theory in connexion with * parasyphilis” which utilizes this supp 
fact in the argument. He states [33 :‘ Again the observations o 
Topley on my hospital cases of cerebral and cerebrospinal sy 
compared with tabes and general paralysis, entirely conforn 
results The tlaid in cerebrospinal syphilis did not give 
reaction. | 

According to Plaut |44) * Both in lues cerebri and in lues spinalis 
the nevative reaction is the rule . This result is found equally 
in all forms of the disease.” Nonne (59) also gives as a typical result 
in the thud of cerebrospinal syphilis 

a) Originalmethode (O°2 ¢.c.) positiv in ca. LO Pro 

‘(b) Hohere Liquormengen fast stets positiy 

This remark dealing with the larger quantities of test fluid, refers 
to the * Auswertungsmethode ” of Hauptmann and Hdésshi, which is 
now generally used in Germany. Instead of O'2 c.c. of cerebrospinal 
fluid in a total volume of 3 c.c. in the fixation stage as required by the 
‘original method,” this modification utilizes increasing quantities up to 


1-0 e.c., and by these means the reaction is found to be almost constant 
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n cerebrospinal syphilis, although this effect is obtained only with the 


urger quantities 


The results obtained by us in these cases differ in certain respects 


from those already described. For the purposes of classification 


ave divided them into two groups. In the first are found those 


we 


1! 


vhich the spinal cord was affected, either alone or together with th 


t 


brain, while in the second those in which the spinal cord was apparently 
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Oo 
rn 


On analysing these figures, 
n Group A (cord atfected 

reaction in all but three cases, N 

Cast No. 182) this ne 

ment. The negative 

associated with a positive in the cerebrospinal fluid 
several points of similarity with No. 128. In bot! 
made very soon after the onset of the nervous s 
serum subsequently became positive. The resu 

the syphilitic process was confined to the nervou 
body being free as in the case of the so-called 


literature. This being the case, the products 


first detected in the cerebrospinal fluid and only 
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ppea n the blood If the treatment of the patient is sufficiently 
P} ; 
ISI Ve he positive reaction in the serum 1s only transient 

No. 147 ‘linically a very complex ease, and the significance of the 
Turn to the cerebrospinal fluids it seen that four of the thirty 


ree t Lave 1 me itive reaction In three f these Nos. 7, 54 


\ ided amor hose it ih the spinal cord ay 
n the grounds that the patient exlnbited a hype 

( seyment il juent S ass ted wit 
| t wl es extret V trivia shown | 


! 1) | tTreath ] nee is ppeal late Ul 

S | 1 1 l is trel IV S@Nsitiy 

| I lhe Mme itive I is miusin Ul 

1) | ! } dt ! iu n l Is { » the trivialit 

\ 7 y 4 that a positive r tion in the cerebi 

| } f] patient n whom t spinal cord Hected 1s a constan 

, = nstant even as in dementia } { bi 

those cases in which the cord was apparently not 

ittect Group B) twenty-seven in number, it will be seen that thre 


ve tive reaction in the serum (Nos. LILO, 123, and 148), and 


twent wegative in the cerebrospinal fluid No. 123 had been 


treated originally by salvarsan and the positive reaction in the fluid may 
bye ked upon asa “ nerve relapse,” as desc bed in the literature: that 


| s, a slight meningo-encephalitis occurring in an almost completely steri- 


ed individual Since the initial lesion is in the meninges, the positiv. 
reaction is detected in the cerebrospinal fluid before it appears in thi 
seru \s regards Nos. 110 and 148, these are both cases of hemiplegia 


aque ft ere bora thrombosis, and It 1s commonly found that such tend 


lebt to Dr. R, Donald, w made all t ‘ merations mentioned 
! 1 s Donald’s techniqu f measured drops 
11 na nat n e il eate i“ ira l inting chamber but 


ae p site d 
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to cive feeble or negative reactions in the serum. It is clear that 
slight thrombotic lesion outside the nervous system might not attract 
notice, while in the nervous system it will produce marked clinica 
symptoms. It is possibly this factor which brings a trivial lesion wit! 
ts accompanying trivial reaction to the notice of the neu 


the cerebrospinal fluid also the purely thrombotic cases sel 


positive reaction, as already noticed by Assmann |2 and 3) and Plaut 


14}, and this result is no doubt largely due to the fact 
nflammatory process is contined to the endothelium 
vessels, and thus does not affect the pia and occasion an e: 
the sub-arachnoid space. The same factor may also perhaps produc 
negative reaction in the cerebrospinal fluid even when 
ittected by a thrombotic lesion. No. 104, included i 
the strength of a slight sphincter lesion, be look 
o Group A, the negative reaction in the cerebre 
iccounted for by a thrombotic lesion 
In contradistinction to Group A, the cerel 
Group B relatively seldom gives a positive 
instances only in twenty-seven. ‘Thus, 
fluid in purely cerebral cases is negative 
those cases giving a positive rei 
now be consid red. In Nos. LOT, 
that the condition was recent 
No. 148 eave a slight positive 
f examination he had no sphinct 
original attack this was present, suggestil 
of the spinal cord 
In No. 159 the reaction of the cet 
there is little evidence of a lesion of 
that the syphilitic process extendes 
perhaps, the case should have been inc! 
The final example of a positive 
is No. 183, which resembles No. 59, inelu 
ditter from all others in being exan ple S ¢ 
more accurately of acute encephalo-m 
probably involved, but the condition wa 
signs had appeared at the time of examination 
It will be seen from the cases described that 
tion for the division into the two Groups A an¢ 
fluid in Group B is almost always negative, an 


is quite recent Is a slight positive reaction found. 
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The explanation of the difference in the reaction in these two groups 


robably lies in the fact that the sample of the cerebrospinal fluid 
examined is derived from the lumbar region. As we have pointed out 
sewhere, the sub-arachnoid space in the brain is small, and in fact 
ierely represents a capillary space; there is also no obvious flow of 
juid from the brain to the lumbar region and thus constituents of the 
erebral fluid will diffuse but slowly into the spinal fluid. It is therefore 
us that Wassermann bodies poured into the cerebrospinal fluid 
rectly from a lesion of the spine will be detected more readily than 
wlies diffusing slowly from the brain. 
The strength of the Wassermann reaction in cerebrospinal syphilis 
Group A) appears from our tests to be very strong and does not in 
way fall short of the reactions found in “* parasyphilis.” In this 
spect our results differ from those of Plaut and Nonne So far as 
erns the mere occurrence of the reaction, we agree that in the 
| cases this is constant We, however, find it to be constant with 
nall quantities of cerebrospinal fluid, while the Hauptmann method 
tains this result with larg juantities only. We mia point out that 


Stiihmer's 54°) results are more comparable with ours since, althoug] 


‘tained a high percentage of positive results with the “* Auswertungs- 
thode mal f his cases were already positive with the smallet 
intities of tluid. It is clear that in Nonne’s | 59) view the strength 

he reaction in cerebrospinal syphilis is slight He states: “If the 
‘tion 1S) positive by the original method (O'2) c.c. of cerebrospinal 
luid),” that is if the reaction is strong, “it is highly probable that the 
se is one of paralysis or tabo-paralysis, much less lik that it is 
‘ospinal syphilis or pure tabe 

\ccording t uur results this view appears to be untenabl It will 

seen that the reaction in the fluid of the spinal case s at least as 


nstant and as strong as in dementia paralytica, and we therefor 


spute the suggestion that either the occurrence of the reaction in 
e cerebrospinal fluid or its strength has an obvious bearing upon the 
terentia liagnosis between dementia paralytica and cerebrospina! 
philis If, however, dementia paralytica is capable of being confused 

th pure cerebral SYphills, then the constant reaction n the forme 

ise and the nevative in the latter will be of great diagnost miportance 
The differences in the results obtained by Hauptmann’s method and 

iw own are presumably due to differences in technique, the most 


portant being In ill probability the ditterence in wtigens 
It appears to be quite certain that the advantave t the heart- 


esterin-antigen is particularly apparent in the “ cerebral” cases. 
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It may be argued that the use of this antigen is objectionable 


It levels up the diaenostic ditterences between vreneri paralysis 


cerebrospinal syphilis, but to retain these differences by the us 
inferior antigen would be an artificial proceeding and would 
maintain a fundamental distinction between dementia paral 


cerebrospinal syphilis which in our opinion does not ex 


t 


Contr 


patients 
nervous syste 
a) Pa 


the cent: 
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These twenty-three cases include 


Except in the case of the two inactive cases of congenital syphilis, 
the serum w nvariably positive and the cerebrospinal fluid negative 
The two nevative cases (Nos. 20S and 209) were instances of old 


meenit vp s, In which the disease had almost died out. Sueh 


the ¢ ‘ l)) the re rh nin < enital philis 
The « phil t] lvement of the nervous svstem 
ecor ( erature reacted 1 nel inilar to ours Plaut 
LO net t ‘ Cas f man nd el svphilis found 
itive n t I luid in eve CiLSE vhile Boas 


Several of these positive reactions were obtained only with high 
neent tion x 14 ebrospt! f] 1 but, on the othe) hand, one was 
sitive ¢ n wit Liv maiest q Lit by the original method 


Sin ! Its have been described by Max Fraenkel | 14], wh 
found tiv es of secondary syphil positive in fifteen These in- 


vestigations lead us to believe that if we had tested a larger numbet 


) | ! 1 
f case f late secondary svphilis, positive results might have been 


encountered \t the same time it is possible that when such cases 

ve a positive result, a very careful clinical examination may reveal 

actual evidence of an organic lesion in the nervous system. If positive 
- lh 
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reactions are found in cases in which there is no apparent lesion of the 


central nervous system, It might be thoucht that the test loses some of 


its practical value, since it has been universally held that a positive 
reaction in the cerebrospinal fluid indicates a syphilitic lesion of the 
central nervous system. ‘The cases, however, are not re: 

to the rule, since the positive results are clearly an | x of : ntlam- 
matory process occurring in the meninges, a vie 
ported by the occurrence 

From the investigations of 

Altmann and Dreyfus, it is 

syphilis show marked patholo 

(tension, pleocytosis, increased | 

difficult to assume that a mening 


isolated Cases may 
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Syringomyelia, No. 43. 

Peripheral neuritis, Nos. 136, 141, 180. 
Kpilepsy, Nos. 137, 195. 

Amyotrophic lateral sclerosis, No. 153. 
Subacute combined degeneration of cord, No. 173. 
Primary optic atrophy. Pituitary tumour. No. 176 
ria interna, No. 191. 


Congenital ophthalmopl 
Amentia, No. 193 
Acute delusional states, Nos. 194 and 195. 


ative reactions both in the serum and 


would be pointed out, however, that the 


the cerebrospinal fluid. It s 
eaction of N 100 (vascular condition) showed slight inhibition in 


serum O0.0.0.0.0 


! ( Dl pineal fluid, thus ‘his Wis Cust ol 
P cs. i 2? 0.0.0.0 

oht n t hemiplegia, and although there was no evidence 

sVp | evertheles trivial thrombosis is precisely the 

NH nt ive nevative reaction in the erum ana 


present | tion because 2.0.0.0.0. represents a nevative reaction, and 


() t)t) tc) 0) 


()¢) 0) 0) 


| r cra cand ta pa iL strong reaction Is practi- 
n both serum ind cerebi spinal fluid \ nevative 
’ \ i SIS these conditions |] ohly mprobable 

| f forsd tn react n : posit Ve In rum and ee rebi - 
! fluid, except when the condition has subsided as a result of 
¢ ! trent nt The strenetn f the reaction s olten not so 
lementia para I 1: on the other hand, t is olten as 

} } | } / /} s the reaction in the cere hy) =p nal 


s not inv 1 it Is vel nconstant and when present weak. ‘The 
rf n presen most olten n recent lesions In treated cases the 


ethe 





ency 
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In syphilis withor ‘ organic syphilitic lesion the central 
nervous system, the reaction in the cerebrospinal fluid 1 rative. 
The occurrence of a reacti in the cerebrospinal fl 
indicates a syphilitic lesion of the central nervous system. 
tT 


In non-syphilitic diseases of the central nervous system the react 


IS nevative 


CHAPTER IIL—THE EFFECT OF ANTI-SYPHILITI 
THE WASSERMANN REACTLON 


As first pointed out 
reaction is dependent 


or has n 


wert 


could 
perioa 
certain 

bee ne 
Inject 

the s 

the react 
No case fail 


was elght weeks and one 


In early latent syphilis n 


while in tertiary sypl 
Krom these figures it w 
been present, the more difficult was it to obt 
Later, when intravenous injections wer 
dose, the effect was found to be more definite Phe 


produce a negative reaction in secondary syphilis was sl 
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failed to become negative, while in tertiary 


more frequent. 


s In the technique of tl action, and particularly 


heart-chol nal . we found that the 
n that it required 
n cases nevative 


Was pos ible to detect 
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We have examined nine cases of acute secondary syphilis at regular 
short intervals in order to arrive at the shortest time occupied in 
reducing the positive reaction to negative. ‘The method of treatment 
was to inject intravenously three doses of neo-salvarsan, within 
period of five to ten days. The total dosage varied from 2°0 t 
27 ¢rm. It was found that the shortest interval before the establisl 
ment of a negative reaction was one and a half months and 


three months. The average of the nine cases was two and 


months. Comparing these results with those formerly obtained by u 


when using salvarsan and the old Wassermann technique, it is seen that 
the reaction tends to persist for a slightly longer 
method. 


In treating cases of tert 
of salvarsan, as measured | 
different compared with 
achieving the desired re 
cases unable to de 
many months wit! 
was feeble at the 
attained, but 


positive 


ver\ 
therefore 
chronic 


poss ble 


then it 


ind tertiary 
earl r cases 
more towards 


the reaction soo 
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ITS 


cases are examples of the effect of treatment as 


The following 


easured by the present technique 


mn 


n Tertiary Syphilis. 


Treatment 


t, O°9 grm. neo-salvarsan 
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syphilitic mesaortitis was present, often uc by any othe 


syphilitic lesion. This 


that when 
splrochiwtes are 
s observed upon thi 


the aorta or central 


rations 


— 
Qrnbi-sv)} 


to have been noticed 

Plaut (1909 
the reaction 
paralytica or 
great fall in 

In 1915 
tion to the 
salvarsan, no 
treatment 
reaction in 
bias become 

In venera 
expected t 


dementia par 
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tre jue ntly met with y wards the behaviour of the reaction in the 


cerebros] any definite opinion has 


d in dementia 


ym the work 


h ive bye en 
wever, UnaAcquainte d 


c¢ remedies in 


of considerable importance, 
streneth of the reaction in 
of fluctuations in 
nervous system, 


cere brosp nal 


met with 
Head and 


par ilvsis ”’ 


have behaved 


{ 


tie eroup ol 
ind SUpPpPoOsed pathol 


pec 
ti} 


IVarsan 
certain 


tl ster 


ceneral 
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and, as we have already pointed out | 29], every example does not 
necessarily fall into the same pathological group. They are not all 
* parasyphilitic ” in the original sense, but some are actively syphilitic, 
and therefore to group these cases together would produce a clinical 
rather than a pathological classification 
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that the effect of treatment is very much more marked; indeed, in 


most cases the reaction in the cerebrospinal fluid may readily — be 


reduced to negative. 
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red and hematoxylin. The material had remained in formalin too long 
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